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PROGRESS IN PARASITOLOGY 


Treatment of Schistosomiasis with cA stiban> 


Schistosomiasis, in any of its three forms, today affects no fewer than 150 million people 
and presents a major threat to economic life in countries where it is endemic. The magni- 
tude of the problem calls for vigorous control measures, especially those designed to 
break the biological cycle of the parasite in man. Here the accent lies on drugs permitting 
injection within a few days of quantities of antimony approaching those supplied by the 
classic course of tartar emetic, but without provoking the increased toxic side effects 
associated with intensive therapy. 

Results so far achieved with the «Roche» product <Astiban>* (antimony (IIT) sodium 
meso-2,3-dimercaptosuccinate) suggest that this imperative need has been met. Publica- 
tions covering nearly 2,000 cases treated with «<Astiban> in African, Asian and South Ameri- 
can centres, in regions where schistosomiasis exacts its highest toll, show a presumptive 
cure rate of 90-100% in patients affected with S. haematobium, 40-90% in S. mansoni 
infestation, and 60-85 % in schistosomiasis japonica. 

The good tolerance of <Astiban>, especially in the child, makes possible effective 
treatment of the three forms of schistosomiasis with 4-5 intramuscular or intravenous 
injections spread over 3-8 days. Side effects, where they occur, are mild and transitory, 
generally involving only the gastro-intestinal tract (anorexia, vomiting, abdominal pain) 
and vanishing on re-adjustment of dosage or inclusion of one or two pauses of one day 
during the course of medication. «Astiban> is therefore suitable for treatment of advanced 
forms of schistosomiasis where the use of other antimonials would be contra-indicated. 

Given preferably by the intramuscular route, «Astiban> has certain distinctive features 
- short duration of therapy, high presumptive cure rate, harmless side effects — which 
indicate its use for collective treatment and in ambulatory patients. 
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play even in outpatient treatment. ”’ 
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and clinical. 
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of administration. 
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Treats all branches of surgical i. ei awh 


work on a nonspecialized basis .. 


Bowesman's SURGERY 
AND CLINICAL PATH- 
OLOGY IN THE 
TROPICS 


. Having experienced the vexations of those working in isolated places 
as well as the pressure of work in the larger centers, this book is written 
not as a textbook for examinations but rather as a series of essays on 
situations and subjects as they occur in clinical practice. This method 
predisposes to some extent to a slight degree of repetition, but it has the 
advantage that it makes for easy and leisurely reading, and it is hoped 
that those who peruse its pages will find it so. If it gives the answer to 
even some of the difficult problems which constantly arise in country 
stations it will have achieved its main object, so being a help to the doctor 
and, more important, the patient committed to his charge.” —From the 
Preface 
CONTENTS Nutrition relative to surgery * Malaria and tropical 
surgery * Sickle cell disease in surgery * Helminthic infections « Operative 
approach « Abdominal surgery « Diseases of the rectum « Schistosomiasis « 
Genito-urinary diseases in the male; in the female « Ritual operations in 
the tropics + Infertility in the male and female ¢ Surgery in pregnancy « 
Ectopic pregnancy ¢ Difficult and obstructed Jabor * Complications of 
childbirth ¢ Infections and ulceration « Plastic surgery « Blood transfusion 
* Principles of traumatic surgery * Diseases of the motive system « Bites 
of animals, snakes and other noxious agents « Diseases of the thyroid gland; 
of the breast « Tumors, benign and malignant « Surgical conditions of the 
respiratory tract; of the eye « A note on anesthesia « The surgery of 
filarial diseases 


By CHARLES BowesMAN, O.B.E., B.A., M.D., F.R.C.S.E., F.A.C.S., 
D.T.M .&H.Ed., Fellow of the Royal Society of Medicine; 

Fellow of the Royal Society of Tropical Medicine and Hygiene; 
formerly Medical Officer, Gambia, West Africa; Surgical S pecialist, 
Gold Coast and Ghana Governments 

1960 + 1076 pp., 381 figs. +* $22.50 
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oe Staphylococcus resistance to 
Vancocin has not been 
a clinical problem 


an important solution 


in the management 
of resistant 
staphylococcus infections 


Vancocin is bactericidal in readily 
achieved serum concentrations. 
Vancocin is effective against antibiotic- 
resistant gram-positive pathogens. Cross- 
resistance does not occur. 

Vancocin averts the development of anti- 
biotic-resistant organisms. 

Supplied: 

Only as Vancocin, I.V., 500 mg., in 10-cc. 
rubber-stoppered ampoules. Before administra- 
tion, the physician should consult essential in- 
formation contained in the package. 
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Best & Taylor’s THE PHYSIOLOGICAL 
BASIS OF MEDICAL PRACTICE, 7¢h edition 


we fully realize and regret the insufficiency of the last revision. There was a discon- 
certing gap between its text and the more recent advances in physiology and related branches 
of scientific medicine, which made us acutely aware of the necessity of calling upon others for 
help. This we have done and our colleagues have responded magnificently and most generously 
to our appeal. We have been extremely fortunate in gathering together for this edition a 
galaxy of contributors, each of whom is outstanding in the field which his contribution covers, 
We believe that this, the seventh, is the most comprehensive and authoritative edition since 
the inception of the book twenty-five years ago.”—From the Preface to the Seventh Edition 


By Cuarces Hersert Best, C.B.E., M.A., M.D., D.Sc. (Lond.), F.R.C.S., F.R.C.P. (Canada); 
NorMAN Burke Taytor, V.D., M.D., F.R.S. (Canada), F.R.C.S. (Edin.), F.R.C.P. (Canada), M.R.C.S. (Enz.), 
L.R.C.P. (Lond.); and 28 ContTRipuTors under the general editorship of Norman Burke Taylor 
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TRANSMISSION OF THE M STRAIN OF PLASMODIUM CYNOMOLGI TO MAN* 


G. ROBERT COATNEY, HARVEY A. ELDER, PETER G. CONTACOS anp MORTON E. GETZ} 


Laboratory of Parasite Chemotherapy, National Institute of Allergy and Infectious Diseases, 
Vational Institutes of Health, Bethesda, Maryland 


AND 


ROBERT GREENLAND, RICHARD N. ROSSAN anp L. H. 


SCHMIDT 


The Christ Hospital, Institute of Medical Research, Cincinnati, Ohio 


demonstration by 
Getz' of the 


Following — the Kivles, 


Coatney, and transmission of 


Plasmodium bastianellii to man, 
Schmidt et al.2 attempted to transmit an estab- 


lished strain of Plasmodium cynomolgi, the M 


cynomolgr 


strain,t to human volunteers. As will be reported 
low- 
level infection in only one of seven subjects. 


elsewhere, these investigators obtained a 


Little attention was given to the clinical features 
of the disease. In view of the possible importance 
of simian malaria in world-wide malaria eradica 
tion, it seemed desirable to undertake a more 
thorough investigation of the transmissibility of 
this M strain to man with special emphasis on 
the clinical and parasitologic features of the 
infection. The following report deals with results 
of these studies. 


EXPERIMENTAL OBSERVATIONS 


1. The study involved 
eleven male inmate volunteers (two Negroes and 


Experiment initial 


* The studies carried out at The Christ Hospital 
Institute of Medical Research were supported in 
part by grant E-2372 from the National Institute 
of Allergy and Infectious National 
Institutes of Health, U.S. Public Health Service. 

+ Present address: University of Miami School 
of Medicine, Jackson Memorial Hospital, Miami 
36, Florida. 

t This strain was isolated by Mulligan at the 
Malaria Institute of India from an ‘“‘irus monkey”’ 
in 1935. It was maintained in Mulligan’s labora- 
tory by blood passage until 1944, when it was 
brought to the United States and established in 
a number of laboratories in this country. The 
particular line concerned in the present investiga 
tion was obtained in May 1946 from Dr. Richard 
Porter of the University of Michigan. It has been 
maintained since that time at the Christ Hospital 
Institute of Medical Research by serial blood 
transfer at approximately 30-day intervals. Eyles® 
recently referred to this parasite as “typical P. 
cynomolgi,’’ and on that basis designated it the 
TC strain. The Christ Hospital group is now con 
vinced that it does not produce infections which 
are typical of newly-isolated strains of cynomolg?, 
and on that basis we have redesignated it the M 
strain in honor of Dr. H. W. Mulligan 


Diseases, 
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nine whites) under the age of 39 from the U. 8. 
Penitentiary, Atlanta, They 
screened for mental! and physical fitness by means 


Georgia. were 
of a history, physical examination, chest x-ray, 
electrocardiogram, leukocyte count, hemoglobin, 
hematocrit, erythrocyte 
retention, 


sedimentation 
blood urea nitrogen, 
and routine urinalysis. None had a history of 
malaria. 


rate, 
bromsulfalein 


Each volunteer was bitten by not less than 
25 Anopheles freeborni on 8 September 1960. 
These mosquitoes were heavily infected with the 
M strain of P. cynomolgi derived from feeding on 
an infected monkey. The nine white volunteers 
were bitten in groups of three, the Negroes as a 
pair. The latter subjects were purposefully given 
a heavier inoculum than the whites were because 
of the earlier demonstration by Beye et al.* of 
the refractoriness of the Negro to infection with 
P. c. bastianellii. Each mosquito was allowed to 
bite each man in a group according to a technique 
of interrupted feeding. The density of sporo- 
zoites in the salivary glands was graded on a 
l-plus to 4-plus scale at postprandial dissection. 
An approximation of the total inoculum for each 
volunteer was estimated as the sum of these 
pluses. 

Beginning with day 4 after the biting episode 
through day 80, daily thick and thin smears were 
made from the peripheral blood of each volunteer 
and stained with Giemsa, After day 80, smears 
were made once a week during a total observation 
period of 150 days unless otherwise stated. The 
presence was determined after 
examination of the number of fields necessary to 
visualize 750 leukocytes by the use of the oil 
immersion objective. 


of parasites 


Estimations of parasite 
concentrations were expressed as the number of 
parasites per cmm. This number was calculated 
from actual counts of the number of parasites 
per 100 white blood cells (WBC), and multi- 
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TABLE 1 
Summary of events following the biting of eleven 
volunteers by Anopheles freeborni infected with 


the M strain of Plasmodium cynomolgi 
Parasitemia 


Subinoculation to 
monkey 
day 


10); 
10 
10); 
10); 
10); 
21 
10); 
10) ; 
10); 
10); 
10); 
10); 
* The density of sporozoites in the salivary 
glands at postprandial dissection was graded on 
a l-plus to 4-plus seale; estimation of the total 
inoculum is expressed as the sum of these pluses 
t Blood injected into two intact and two sple 
nectomized animals on day 88; only one intact 
animal developed parasitemia 
t Negro 


plication of this result by 50 on the assumption 


that the mean leukocyte count was 5,000 per 


cmm. If the concentration was less than 


Mee 
WBC, then the slide was only adjudged positive 
and no further attempt made to estimate the 
concentration 

Volunteers were admitted to the hospital on 
day 4 to permit evaluation of the earliest symp 
toms. After admission, oral temperatures were 
taken at 4-hour 100°F 


and at hourly intervals when above 100°F. 


intervals when below 
On the 10th day after the biting episode, an 
ittempt 
parasitemias by 


blood 


(Macaca 


was made to demonstrate subclinical 


subinoculation of volunteers’ 


into splenectomized rhesus monkeys 


mulatta). Five-milliliter volumes from 
each of the volunteers were packed in crushed ice 
and shipped by air to Cincinnati; immediately 
upon receipt 2-ml aliquots were injected into 
each of two animals. This subinoculation proce 
dure was repeated whenever parasitemia or 
symptoms suggestive of malaria occurred. In all 


cases the elapsed time between withdrawal of 


blood and its injection into the monkeys was less 
than 7 hours. Thick films were made and studied 
on alternate days from each of the recipient 
When 


days (5 weeks), weekly films were examined for 


monkeys, for 37 days. negative for 37 
an additional 25 days 
Results. As shown in Table 1, 


volunteers, G. L., 


only one of the 


eleven developed a patent 


infection. This subject first exhibited a para 
sitemia S82 day s after exposure to bites of infected 
mosquitoes. On day 85 the parasitemia became 
high enough to estimate and attained a maximum 
of 250 per emm on days 87 and 88. Blood drawn 
on day 88 produced infection in only one of four 
monkey subinoculees. 

This marked 


reactions between days 18 and 22 with 


volunteer had exhibited febrile 

tem 
peratures rising to 102.6°F. However, thick films 
were negative at this time, and passage of blood 
to splenectomized monkeys on days 19 and 21, 
during the height of the febrile reactions, failed 
to produce infections. A solitary febrile episode 
with a temperature of 103°F occurred on day 73. 
Because ol associated cough and rhinorrhea, 
both this event and the fever on days 18 through 
influenza-like 


which was then prevalent in the prison popula 


22 were ascribed to the disease 
tion The volunteer again became febrile on day 
87, and for the next 60 hours exhibited pain in 
the calves of his legs, minimum nonspecific 
headaches, and on single but different occasions 
anorexia, knee and ankle pain, and hepar tender 
ness, all ol low grade There were no chills. Since 
day 92, this subject has 


been asymptomatic 


found on thick films 
intermittently through day 141 
Three other 


febrile reactions 


although parasites were 


volunteers exhibited isolated 
GE 


febrile episodes between days 63 and 74 associated 


had a series of low-grade 
with a productive cough and pulmonary con 
solidation on physical examination and x-ray. 
This was diagnosed as pneumonia. A. 3S. and 
B. E. exhibited isolated low-grade febrile reactions 
on days 14 and 15, respectively. Examination of 
thick films and subinoculation of blood from these 
subjects into splenectomized 
There 


referable to 


monkey S gave 


negative results. were no associated 


symptoms malaria during the 
observation period. Thick film examinations were 
uniformly negative as were subinoculations of 
blood to monkeys on day 10 


\{s mentioned previously, only one of the 
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four monkeys given the blood of G. I. on day 88 
developed a patent infection. This infection had 
a protracted incubation 45 days. 
However, as will be pointed out in experiment 3, 
when the infection became patent, its course was 
characteristic of that induced by trophozoites of 
the M strain. 

Experiment 2. The results of the preceding 
experiment showed that infection with the M 
strain of P. cynomolgi can be established in the 
human subject. It is apparent, however, that the 
initial transmission of this strain to man was more 
difficult than transmission of P. c. 


period ol 


bastianellit 
and that the resulting disease was less severe 
(Eyles et al.,! Beye et al.,4 Coatney et al., un- 
published). It is possible that the differences in 
the behavior of the two strains are related to the 
lengths of time they have been propagated under 
abnormal conditions. The bastianellii strain has 
been maintained via blood inoculation for not 
more than 3 years in contrast to the M strain 
which has been transferred in this manner for 
For this reason it 
whether the 
capacity of the M strain to produce infections in 


upwards of two decades. 


seemed desirable to determine 
man could be augmented either by serial passage 
in man via infected blood or by rapid transfer, 
i.e., man to monkey to mosquito to man. The 
approach to these objectives is outlined in 
Figure 1. 

volunteers 


Seven used in the studies 


outlined in the above figure. These subjects met 


were 


the same age and other requirements and, unless 
otherwise stated, were observed in the same 
manner as those included in the first section of 
this report. Blood in the amounts of 5 to 10 ml 
was injected intravenously in the direct transfer 
of the infection, man to man and man to monkey. 
Infections in A. freeborni were derived from 
feeding on a monkey inoculated with parasites 
which had been passed through two volunteers 
(cf. Figure 1, G. 1. to H. U.). These infected 
mosquitoes were allowed to feed on four volun- 
teers. Two of these subjects (V. O. and W. 1.) 
were bitten by 36 heavily infected mosquitoes on 
1 February 1961 (sum of the pluses, 122); the 
other two were bitten a day later by 39 mos 
quitoes (sum of the pluses, 140). The techniques 
of rotational biting and the evaluation of the 
sporozoite inoculum were the same as_ those 
referred to in the preceding experiment. 

Results. As shown in Figure 1, subject G. I. 


CYNOMOLGI 


IN MAN 


Monkey no. 456 


Infected Anopheles freeborni 


+ 
Volunteer G. I. 


Parasitized blood 


| 


Volunteer McF Volunteer H. U. 


Parasitized blood Parasitized blood 


! 


Volunteer C. A. Monkey no. 543 


Infected A. freeborni 


| 


PR. B.U. W.I. 


Fic. 1. Serial passage of the M strain of Plas- 
modium cynomolgi. 


provided the parasites for the direct man to man 
passage. One hundred and forty-one days after 
sporozoite inoculation of this subject, 10 ml of 
his blood was transferred to McF. Eight days 
later the latter subject had a temperature of 
101°F and a parasitemia on the day following. 
From day 9 through day 20 he exhibited a low- 
grade parasitemia fluctuating from less than 50 
to 160 per cmm and an intermittent fever which 
on oceasion reached a peak of 103.6°F. During 
this period, there was no evidence of enlargement 
of the liver or spleen and there were no chills. 

Seventeen days after inoculation of McF. 10 
ml of his blood was injected into volunteer C. A. 
This evoked an infection which became patent 
on day 5 and reached peak levels of 1,250 para- 
sites per cmm. Gametocytes appeared in numbers 
up to 100 per emm and produced infections in 
mosquitoes. Intermittent febrile episodes, reach- 
ing peaks of 104°F, began on day 7 and were 
sometimes associated with chills. Splenic enlarge- 
ment to 3 em below the left costal margin was 
noted during the time of highest parasitemia. 
There was no evidence of hepatomegaly. 

Other manifestations in McF. and C. A. were 
more intense than those encountered in subject 
G. I. Debility and malaise were notable and 
anorexia, nausea, headache, muscle and back 
pain were present. 

One hundred and twenty-four days after G. I. 
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was infected by sporozoite inoculation, 10 ml of 

his blood was inoculated into H. U. (see Figure 
1). The infection became patent 5 days later. 
The parasitemia remained low and intermittent 
through the next 84 days He never exhibited a 
fever and there was no enlargement of the liver 
On the 26th day the 


parasitemia, 10 ml of blood was withdrawn and 


or spleen after initial 

shipped to Cincinnati where it was inoculated 

into clean monkeys 
Three of the four 


monkey to mosquito to man phase of this study 


volunteers in the man to 


developed patent infections—two on day 17 and 


one on day 19. The parasite density in these 


subjects was relatively low. In F. R. it never 
attained countable levels. The maximum densities 
in V. O. and B. | 
respectively. All three subjects exhibited gameto 
cytes. Only those from B. | 


were 50 and 200 per cmm, 


pre xluced infections 
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B. U. 


reaction. On day 16, 2 days prior to the appear- 


was the first subject to exhibit a febrile 


ance of parasites, he experienced a temperature 
of 102°F followed by two lesser febrile episodes 
on days 17 and 18. He remained afebrile until 
day 22 when the temperature rose to 102.5°F. 
This event was followed by paroxysms on days 
24, 26, 28 and 30. He was afebrile on day 31 and 
has remained so to this writing. 

Subject F. R. exhibited an elevation to 101°F 
on day 21 and to 100°F on day 22; he has been 
Volunteer V. O. showed a tem- 
perature elevation to 103.5°F on day 27, 104°F 
on days 29 and 31, and 103.5°F on day 33. His 
temperature has been normal since that time. 


afebrile since. 


Despite these high temperatures, symptoms 
were comparatively mild. These consisted of 
frontal or occipital headaches lasting up to 6 
hours, anorexia of at most 2 days’ duration, two 
episodes of nausea in one volunteer and a single 


? 


episode of myalgia. F. R. exhibited a non-tender, 
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DAY AFTER INOCULATION 


Fig. 2 


Parasitemias in monkeys infected with the stock line of the M 


strain of Plasmodium 


cynomolgi and with the same parasite from human volunteers. 
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enlarged spleen extending 2 cm below the costal 
margin. 

Experiment 8. Blood specimens from the 
human volunteers in experiments 1 and 2 were 
subinoculated into normal rhesus monkeys at 
selected intervals. Blood from five of these 
subjects produced infections in the monkey on 
one or more occasions. Four of the volunteers 
(G. I., B. U., F. R., and V. O.) had been infected 
by sporozoites. The fifth subject (H. U.) was 
infected by trophozoites. The courses of the 
blood disease in the recipient monkeys were 
followed for 30 or more days and were compared 
with those of normal rhesus monkeys which had 
been inoculated at approximately the same time 
with trophozoites of the stock M strain. In 
keeping with usual practice, the intensity of the 
blood infection in the monkey was expressed as 
the number of parasites per 10,000 erythrocytes. 

Results. The patterns of the parasitemias in 
animals that had received blood from infected 
volunteers are shown graphically in Figure 2 
along with the parasitemic course of a monkey 
inoculated with trophozoites of the stock M 
strain. Apart from differences in time of initial 
appearance of parasites in the blood, the patterns 
of all infections are remarkably similar. This 
suggests that transfer of the M strain from 
monkey to mosquito to man has not altered the 
capacity of this parasite to produce characteristic 
disease in the monkey. 

It should be noted that there are small but 
significant differences in the parasitemias which 
result in monkeys inoculated with the M and 
bastianellii strains. Recipients of the latter 
parasite usually have an infection with a lower 
initial peak than have animals infected with the 
M strain. However, this initial lower peak in 
animals infected with the bastianellit parasite is 
associated with a more protracted primary attack 
and with secondary or tertiary peaks which may 
be greater than the initial one. 


DISCUSSION 


The data reported in this study have shown 
that initially the M strain of P. cynomolgi had a 
low order of transmissibility to man. This is not 
surprising in view of the long-term maintenance 
of this strain in the laboratory under abnormal 
conditions. It is apparent, however, that once 
the parasite has been passaged to man, its 
capacity to produce human infections is increased 
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markedly. In the original attempt to transmit 
this strain of P. cynomolgi to man, only one of 
seven subjects exhibited any evidence of infection. 
This was a low-grade fever appearing 20 days 
following mosquito bite and a successful sub- 
inoculation into the monkey. The observations 
in the present study are entirely compatible 
with this in that only one of eleven volunteers 
became infected. This individual exhibited a 
parasitemia on day 82 following which he had 
three low-grade paroxysms and a sustained low- 
level parasitemia with few associated clinical 
symptoms. 

These events were in sharp contrast to those 
which prevailed in subsequent passages in man. 
It appeared to make little difference whethre 
the parasite was transferred man to monkey to 
man, or man to man, or whether the infections 
were induced by blood or by mosquito. With only 
two trophozoite passages, there were increases in 
the intensities of parasitemias and in the heights 
of the fevers, and possible intensification of the 
clinical symptoms usually associated with 
malarial fevers. After the residence of this strain 
in two human subjects, its passage to the monkey 
and then to the mosquito, it produced infections 
in three of four volunteers. These subjects 
developed patent infections in only 17 to 19 
days, as contrasted with 82 in the first effort, 
and exhibited increased febrile manifestations. 

When one compares the features of the infec- 
tion with the M strain after its primary adaption 
to man with those of P. c. bastianellit in man, 
there are few significant differences. 

It is quite apparent from the findings presented 
in this study that the previous demonstration of 
the transmissibility of P. c. bastianellit from 
monkey to man is not an event that is limited to 
that particular strain. In view of this, one must 
consider the likelihood that other strains of P. 
cynomolgi are infectious to man. This may also be 
true for other species of simian malaria. These 
issues should not be discounted lightly or dis- 
missed summarily. Their resolution could be of 
great importance in programming for world-wide 
malaria eradication. 


SUMMARY 

Attempts to transmit the classical M strain of 
Plasmodium cynomolgi to man via mosquito 
resulted in a low-grade infection in only one (a 
Caucasian) of eleven volunteers, two Negroes 
and nine whites. 
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Subsequent passage of this strain through 
human volunteers increased its capacity to pro- 
duce infections and clinical manifestations. 

Residence in the human subject did not alter 
the capacity of the strain to produce char- 
acteristic M-type infections in the rhesus monkey. 
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THE TRANSMISSION OF PLASMODIUM CYNOMOLGI TO MAN* 
L. H. SCHMIDT, ROBERT GREENLAND anv CLARA 8S. GENTHER 


The Christ Hospital Institute of Medical Research, Cincinnati, Ohio 


The successful transmission of the bastianellti 
strain! of Plasmodium cynomolgi from rhesus 
monkey to man via the bites of infected Anopheles 
freeborni was described by Eyles, Coatney, and 
Getz? in June, 1960. This report dealt with studies 
which had their beginning in April of that year 
with the demonstration that two of the staff of 
the Memphis facility of the Laboratory of Para- 
site Chemotherapy, National Institute of Allergy 
and Infectious Diseases, had acquired accidental 
infections with this simian plasmodium while 
working with large numbers of infected 
mosquitoes. 

At essentially the same time a remarkably 
similar series of events was unfolding in Cincin- 
nati.t On May 8 one of the members of the 
Institute staff engaged in studying the pre- 
erythrocytic development of P. cynomolgi became 
acutely ill with severe chills, fever, and upper 
abdominal tenderness. In due course this illness 
was diagnosed as the result of an infection with a 
plasmodium indistinguishable from Plasmodium 
vivaz. The successful passage of this parasite to a 
normal rhesus monkey raised questions as to 
whether this laboratory worker had been infected 
with one or another of the strains of P. cynomolgi 
maintained in the Institute which in turn led to 
systematic attempts to induce disease with these 
strains in normal human volunteers. The report 
which follows deals with the design and results 
of these experiments. 


EXPERIMENTAL OBSERVATIONS 


Accidental transmission of P. cynomolgi to RG. 
RG, one of the members of the Institute staff, 
developed chills and a fever which reached 
102°F between 9 and 10 p.m., May 8, 1960. As 
shown in Figure 1, this initial reaction was fol- 
lowed at 48-hour intervals by three successive 


* This study was supported in part by grant 
E-2372 from the National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, 
U. 8. Public Health Service. 

+ The involvement of the Memphis group in a 
similar sequence of developments was recognized 
on June 6 during a telephone conversation with 
Dr. Eyles. 
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paroxysms with fever of increasing intensity; 
temperature elevations to 103°, 104°, and 104° 
occurred at almost precisely 10 p.m. on May 10, 
12, and 14. The recurrent nature of these 
paroxysms, their severity yet relatively brief 
duration, suggested a diagnosis of malaria. This 
diagnosis was confirmed early in the morning of 
May 14 by examination of both thick and thin 
films prepared at 6 p.m., May 13. The parasites 
found on thin films were morphologically indis- 
tinguishable from either P. vivax or P. cynomolgi. 
The disease in RG was terminated promptly by a 
chloroquine-primaquine curative regimen ini- 
tiated on May 14, 1960. There have been no 
recurrences of malaria symptoms since that date. 

Prior to initiating therapy, 5 ml of blood was 
withdrawn from RG at his home, citrated, and 
returned to the Institute where 2-ml aliquots were 
injected intravenously into one normal and one 
splenectomized rhesus monkey (Macaca mulatta). 
This was done largely to satisfy RG who re- 
peatedly questioned whether his disease might 
be due to P. cynomolgi rather than to P. vivax 
since he had had no known contact with human 
malaria but had been bitten by A. freeborni 
infected with the simian plasmodium while 
preparing such mosquitoes for shipment to the 
Naval Medical Research Institute. To the sur- 
prise of everyone, the normal monkey (M-9904) 
developed a patent infection 9 days after injec- 
tion of blood. The splenectomized monkey 
(M-9851) remained negative for 19 days; it was 
then given chloroquine intramuscularly (5 mg 
per kg body weight daily for 5 days) to eliminate 
any possibility of a latent infection and 18 days 
later was challenged with 10° parasitized erythro- 
cytes of M-9904 to make certain that it was 
susceptible to infection with parasites originating 
from RG. The courses of the parasitemias in 
M-9904 and M-9851 and in M-9870, a monkey 
with an intact spleen inoculated with 5 x 10 
parasitized erythrocytes from M-9904, are set 
forth in Figure 2. As shown in this figure, the 
parasitemias in these animals were not signifi- 
cantly different from those produced by inocula- 
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RG 


On March 7, 1960; March 14, 1960; March 21, 1950; April 14, 1960 
packed mosquitoes heavily infected with Bastianellii strain. 
for shipment to Naval Medical Research Institute 


| 


Q 


May 8 - 9 to 10 p.m. 
Chills; fever (102°F) 


| 


May 10 - 10 p.m. 
Chills; fever (103°F) 
| 


May 12 - 10 p.m. 
Chills; fever (104°F) 


May 13 - 6 p.m. 
Positive smears--thick and thin 


| 





May 14 - 12 noon; 8 p.m. 
0.6 g chloroquine diphosphate 


May 14 - 10 p.m. 
Chills; fever (104°F) 


May 15 --8 a.m. 


0.6 g chloroquine diphosphate 


May 16 to 29 
15 mg primaquine daily 
| 
! 
June 15, 1961 


Symptom-free 


M-9904 
Positive thick film 
May 23;,crisis June l 
(344/104 Rac) 


May 14 - 10 a.m, 


| | 


2 ml blood 





2 ml blood 


M-9851-Spl. 
Negative through June; 
Rx chloroquine (5 mg/kg) 
from June 2 to 6; chal- 
lenged 106 parasites 
June 20; positive June 
22; crisis July 1 
(600/104 RBC) 


Fig. 1. Sequence of events in accidental infection of RG. Spl. = splenectomized 


tion of normal or splenectomized monkeys with 
one of our stock strains of P. cynomolgi. These 
positive findings in the monkey presented some- 
thing of a dilemma. Either RG had been infected 
with P. vivar and this human plasmodium had 
been passed readily to the macaque, a possibility 
which seemed remote, or he had become infected 
accidentally with P. cynomolgi while working with 
this simian plasmodium, an unlikely possibility 
in view of both previous experience and published 
conclusions.*: * In an effort to resolve this di- 
lemma, an attempt was made to determine 
whether human volunteers could be infected with 
either sporozoites derived from M-9904 or those 
obtained from a monkey bearing one of the stock 
strains of P. cynomolgi carried in this Institute. 


The bastianellii strain was selected for this work 
since this was the only line which had been 
passed through mosquitoes during 1960 and hence 
was the only simian plasmodium which could 
have been implicated in the disease of RG. 
Attempted transmission of the M-9904/RG 
strain and the stock bastianellii strain to human 
volunteers. Two white males, 51 and 36 years of 
age, in apparently good health and with no 
previous history of malaria or exposure to human 
plasmodia, served as volunteers for this trans- 
mission experiment. The over-all design of the 
study as well as the more significant findings have 
been summarized in Figures 3 and 4. Stated 
briefly, on June 15 two groups of infected A. 
freeborni derived from feedings on M-9904;ro or 
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M-9815 /rastianettis passage were allowed to bite 
LHS and HPM, respectively.* Oral temperature 
measurements were obtained on these subjects at 
approximately 8 a.m. and 8 p.m. daily unless 
there were specific reasons for such measure- 
ments at other periods. Clinical symptoms usually 
associated with malaria were recorded when 
noted; these included malaise, chills, headache, 
arthralgia, and upper abdominal tenderness. 
Thick blood films were prepared daily beginning 
on June 20, thin films at later times when sug- 
gested by the results of thick film examinations. 
Beth types of film were stained with Giemsa; 
thick films were searched for at least 10 minutes 
at oil-immersion objective magnification before 
being designated negative. 

In an effort to refine detection of low-level 
parasitemias in the human volunteers, blood ob- 
tained from these subjects on June 20 and on 
alternate days thereafter was subinoculated into 
rhesus monkeys. At each bleeding 2-ml] aliquots 
of citrated blood were injected intravenously into 
two normal animals. In addition when the volun- 
teers exhibited parasitemia, blood was taken from 
each and injected into 4 monkeys, 2 normal and 2 
splenectomized. Thick blood films were prepared 
on these monkeys on alternate days beginning 24 
hours after inoculation; thin films were prepared 
when indicated. Where patent infections were not 
present 21 to 30 days after subinoculation, the 
intact monkeys were splenectomized. If con- 
sistently negative for a total of 60 days, these 
animals were discarded from the current experi- 
ment. 

As indicated in Figures 3 and 4, both the 
M-9904;rco and the stock bastianellii strains 
induced disease in the volunteers. Ten days after 
being bitten by mosquitoes infected with the 
M-9904;xe strain, LHS developed a low-grade 
fever and severe frontal headache. These symp- 
toms together with chills, arthralgia, and upper 
abdominal pain and tenderness were noted on 
days 11, 12, and 13. Aside from a persistent head- 
ache and upper abdominal tenderness, LHS was 
asymptomatic from this latter day to day 19 when 
he had severe chills and a fever of 101.4°F. On 
day 18 a single parasite was found on his thick 


* The infectivity of the mosquitoes which had 
been fed on LHS and HPM (judged by engorge- 
ment with blood) was proved by inoculation of 
ae of the salivary glands of each of the 

tive on into two monkeys, one normal 
one splenectomized. 


5 








NO. PARASITES/10,000 RBC 


ans * 





\ 20 30 $s 0 20 «30 
DAY AFTER INOCULATION 


Fic. 2. Comparison of parasitemias in recipients 
of blood from RG and in monkeys inoculated with 
the bastianelliit strain of Plasmodium cynomolgi. 
M-9904: normal monkey, recipient of blood drawn 
from RG. Compare parasitemia with that of 
M-9888. M-9851: splenectomized monkey, recipient 
of blood drawn from RG. Negative 19 days post- 
injection. Treated with chloroquine day 19 to 23. 
Reinoculated with blood from M-9904 on day 37. 
Compare parasitemia with that of M-9893. M-9870: 
normal monkey, recipient of blood drawn from 
M-9904 on day 12. M-9888: normal monkey, em- 
ployed in routine passage of bastianellii strain of 
P. cynomolgi. M-9893: splenectomized monkey, 
infected with bastianellit strain of P. cynomolgi. 


film. Numerous parasites were present on the 
film of day 20. As soon as the diagnosis of malaria 
was unequivocal, LHS was placed on a chloro- 
quine-primaquine curative regimen. There have 
been no recurrences of clinical symptoms since 
this treatment was initiated. 

The results of the subinoculation studies, 
summarized in Figure 3, show quite clearly that 
LHS had a patent malaria infection on day 11, 
for on this day and again on days 13, 15, and 21 
blood taken from this volunteer induced disease 
in the rhesus monkey. The protracted incubation 
periods in these simian subjects suggest clearly 
that the density of parasites in the blood of 
LHS was exceedingly low at the times of subin- 
oculation. It is doubtful whether the disease in 
this volunteer was patent before day 10 when 
clinical symptoms were first noted since sub- 
inoculation of his blood on days 5, 7, and 9 gave 
uniformly negative results. Unfortunately there 
were no subinoculations performed on day 10; 
hence the precise day of patency for LHS was not 
determined. 

As shown in Figure 4, the course of events in 
subject HPM, who had been bitten by mosquitoes 
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M-9904 
Subinoculee of RG 


June 1, 1960 
Bitten by Anopheles freeborni 


| 
June 15, 1960 


A. 
| 7 


4 4 
Tx i anf LHS - bites from 23+ infected mosquitoes 
sporozoites sporozoites — 


| | 2 ml blood - M-9985 - Negative 


June 20 
M-9813 M-9954-Spl. - M-9988 - " 
Positive June Positive June Regative thick film ; 


23; crisis 23; crisis M-9989 - Negative 
June 30 


June 30 
h 4 June 22 
(913/10" RBC) — (1564/10" RBC) wecative thick film M-99909- 








| M-A210 - Negative 
June 24 : 
Negative thick film M-9992 - bi 


| 


June 25 - 8 p.m. 
Chill; fever (99.2°F); 
headache; abdominal 
tenderness; negative 
thick film | 


2 ml blood - M-Al91 - Positive 
June 26 - 10 p.m. July 6; crisis July 13 
Chills; fever (101.4°F); (960/104 RBC) 
headache; abdominal 
tenderness; negative 2 ml blood - M-9995 = Positive 
thick film July 6;,crisis July 15 

| (540/104 RBC) 


June 27 - 9 p.m. 
Chills; fever (100.2°F); 
negative thick film 
2 ml blood - M-A1l09 = Positive 
July 8; crisis July 15 
June 28 - 8 p.m. (996/104 RBC) 
Chill; fever (99.6°F); \ 
negative thick film 2 ml blood - M-A110 - Positive 
July 8; crisis July 18 
(440/104 RBC) 


Fic. 3 Continued on next page 


infected with the stock bastianellii strain, was blood from HPM to monkeys on days 5, 7, and 9 
similar in most important respects to that just yielded negative results. Again, unfortunately, 
described. As with LHS, HPM developed a low- subinoculations were not attempted on day 10 
grade fever on day 10 and more severe reactions ae 
on days 11 and 12. Thick films were clearly posi- when clinical symptoms iret appeared. However, 
tive on the 12th day when HPM was placed on a positive results were obtained on one of two 
chloroquine-primaquine regimen. He has ex- monkeys subinoculated on day 11 and in two of 
hibited no further symptoms of malaria since four on day 12. This failure to infect all sub- 
that date. inoculees together with the protracted prepatent 
As in the case of LHS, the subinoculation of periods in animals that became positive suggests 
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June 29 to July 2 
Afebrile; negative thick 
film 


July 3 
Afebrile; positive 
thick a 


July 4 - 9 p.m. 
Chills; fever (101.4°F); 
negative thick film 


July 5 - 8 a.m. ———~+ 
Positive thick film 


| 


| 


Rx chloroquine and 
primaquine July 5 to 
22; asymptomatic after 
July 4 





- 5 ml blood - M-A399 - Negative 


ae 


" "= M-A432 - Positive 
July 115 crisis July 18 
(303/10* RBC) 


[-5 ml blood - M-9892-Spl.- Posi- 


tive July 11; crisis July 
20 (2470/104 RBC) 


—5 ml blood - M-9894-Spl.- Posi- 


tive July 11; crisis July 
20 (1703/104 RBC) 


Fic. 3. Sequence of events in induced infection of LHS. Spl. = splenectomized 


strongly that HPM had an extremely low para- 
sitemia at the above times. 

In view of the low density of parasites in the 
blood of both LHS and HPM, it was impossible 
on morphologic grounds to determine whether 
they had been infected with the same or different 
plasmodia. It seems likely, however, that the 
parasite was the same since the simian recipients 
of blood from both volunteers exhibited essen- 
tially identical patterns of infection with parasites 
which were morphologically indistinguishable. 
There seems every reason to believe therefore 
that RG (also LHS) and HPM had been infected 
with the bastianellii line of P. cynomolgi. 

Attempted transmission of the M strain* to 
human volunteers. Even before the results of the 
preceding study were available, an experiment 
was underway to determine whether human 


* This strain was isolated by Mulligan from an 
‘rus’? monkey in 1935. It was maintained in his 
laboratory by blood passage until 1944 when it 
was brought to the United States and established 
in a number of laboratories. The line used in this 
report was obtained in May, 1946, from Dr. Rich- 
ard Porter of the University of Michigan. It has 
been maintained since that time by serial blood 
transfer at approximately 30-day intervals. Eyles® 
recently referred to this parasite as “‘typical P. 
cynomolgi’”’ and on that basis designated it the 
TC strain. Work to be published indicates that it 
does not produce infections typical of those in- 
duced by newly isolated strains. On that basis we 
have redesignated it as the M strain in honor of 
Dr. H. W. Mulligan. 


volunteers could also be infected with the M 
strain of P. cynomolgi which since May, 1946, had 
been maintained in our Institute by serial blood 
passage through rhesus monkeys. Three white 
males, 37, 46, and 20 years of age, were used in 
this study. None had a previous history of 
malaria or exposure to infected mosquitoes. On 
June 22, 1960, each of these volunteers was bitten 
by heavily infected A. freebornit which had fed 
previously on M-9876, a monkey infected with 
trophozoites of the M strain. The subsequent pat- 
terns of clinical observations and subinoculations 
were identical with those described in the pre- 
ceding section of this report. 

Two of the volunteers, GMC and CCS, 
exhibited no clinical symptoms of disease during 
30 days of close observation after the biting 
episode, nor did subinoculations of blood to nor- 
mal rhesus monkeys (subsequently splenecto- 
mized) produce positive results. Both GMC and 
CCS have been followed closely for a little more 
than 12 months with no suggestion of malarial 
infections during this period. 

The fate of KH, aged 20, the third volunteer, 
has been summarized in Figure 5. As indicated in 
this figure, KH was free of clinical symptoms for 
20 days after mosquito feeding. Subinoculation of 


t The infectivity of the mosquitoes which had 
fed on GMC, CCS, and KH was proved by inocu- 
lation of homogenates of the salivary glands into 4 
monkeys, 2 normal and 2 splenectomized. 
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M-9815 


Infected with Bastianellii strain 


May 31, 1960 
Bitten by Anopheles freeborni 





June 15, 1960 


| 


1.4 x 10° 1.4 x 10? | 
sporozoites sporozoites 


| 
| | | 
M-9897 M-9868-Sp1. 
Positive June Positive June 
23; crisis 
June 29 


(375/104 RBC) 





23; crisis | 
July 1 
(680/10% RBC) 


HPM - bites from 24+ infected mosquitoes 


2 ml blood = M-9986 - Negative 
M-9987 a " 


M-9991 - Negative 


June 20 — 
Negative thick film 


June 22 
Negative thick film 


M-9993 " 


M-A182 - Negative 


June 24 


Negative thick film 


M-A185 5 


June 25 - 9 p.m. 
Headache; fever (99.2°F); 
negative thick film 


June 26 - 1 p.m. 
Fever (100.7°F); abdomi- 


ml blood - M-9996 - Positive 
July 6; crisis July 13 
(404/104 xBC) 


nal tenderness; negative 


thick film 


June 27 - 3 p.m. 
Chill; fever (102.7°F);—4 
abdominal tenderness; 
positive thick film 


Rx chloroquine and 
primaquine June 27 to 


ml blood = M-9997 - Negative 

ml blood - M-9968 - Negative 

ml blood - M-9975 - Positive 
July 7;,.crisis July 14 
(939/10* RBC) 


ml blood - M-9893-Spl.- Nega- 
tive 





ml blood = M-9899-Spl.- Posi- 
tive July 9; crisis July 16 
(1694/10* RBC) 


July 12; asymptomatic 


after June 27 


Fia. 4. Sequence of events in induced infection of HPM. Spl. = splenectomized 


his blood to normal rhesus monkeys on days 5, 7, 
9, 11, 13, and 15 yielded consistently negative 
results. On the 21st day KH exhibited a low-grade 
fever (99.4°F) and headache. Thick films were 
negative at this time; blood subinoculated to 
normal monkeys failed to induce disease. On day 
22 KH complained of a mild arthralgia and 
headache; at most there was a 0.5°F elevation in 
temperature. Blood films were negative. How- 
ever, one of two monkeys receiving blood from 
this volunteer became infected. No further symp- 


toms were encountered in an additional 30-day 
observation period. Since KH was returning to 
the university at that time, he was given a course 
of chloroquine and primaquine. There has been 
no recurrence of symptoms in the ensuing 10 
months. 

Attention should be drawn to the course of the 
disease in monkey A-436, the subinoculee from 
KH which developed a parasitemia. The thick 
films of this animal first became positive 9 days 
after subinoculation. The density of the parasite- 
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M-9876 
Infected — M strain 


June 8, 1960 
Bitten by Anopheles freeborni 





June 22, 1960 





KH - bites from 12+ infected mosquitoes 


2 ml blood - 


‘al 27 ————<T ’ 


Negative thick film 


M-A195 - Negative 
M-9998 - " 
M-A169 - Negative 


June 29 


Negative thick film M-AlLT2 - ° 


M-A224 - Negative 


| 2 
July 1 —__——< 


Negative thick film 


2 
July 3 ———_—< 
Negative thick film . 


| ‘ 
July 5 hip Sa 
Negative thick film ™—a 


7e 
‘i. " 


July 7 
Negative thick film 


July 13 - 9 p.m. 
Chill; fever (99.4°F); 


headache; negative 
thick film 


5 ml blood 

July 23; 

July 14 - 9 p.m. (< 1/104 
Fever? (98.7°F) 


a 


~~ 

Rx chloroquine and 
primaquine September 
1 to 17; asymptomatic 
after July 13 


Fra. 5. Sequence of events in induced infection of KH 


5 ml blood - 


M-A350 - % 
M-A108 
M-A430 
M-A391 - 
M-A406 - . 


Negative 


M-A387 - Negative 
M-A388 - wi 


M-A197 - Negative 
M-A423 - - 


M-A436 - Positive 


peak July 29 
RBC); splenecto- 
mized August 1; crisis 
August 9 (256/104 RBC) 


M-AL45 - Negative 


mia increased only slightly over the next 8 days 
but never reached a level where parasites could be 
found readily on thin films. On the 18th day 
monkey A-436 was splenectomized. The para- 
sitemia increased steadily thereafter, reaching a 
peak of 256 parasites per 10,000 erythrocytes on 
day 26. Thereafter there was a rapid decline to an 
extremely low level which persisted to day 69. An 
abrupt increase at this time was followed by a 


second decline which persisted until day 157 
when the second and final recrudescence occurred. 

As indicated in Figure 6, the parasitemia in 
monkey A-436 was distinctly different from that 
found in a typical infection with the M strain in 
either a normal or splenectomized monkey. 
However, passage of the infection from monkey 
A-436 to normal monkeys via either mosquito 
bites or trophozoites resulted in a normal 
parasitemia. 
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= 0 ® DRY AFTER INOCULATION | 

Fia. 6. Comparison of parasitemias in a recip- 
ient of blood from KH with those of subinoculees 
and monkeys inoculated with the M strain of 
Plasmodium cynomolgi. M-A436: normal monkey, 
recipient of blood drawn from KH. Splenectomized 
on day 18. Compare pre-splenectomy and post- 
splenectomy courses with those of M-A120 and 
M-A389. M-A462: normal monkey, recipient of 
mosquitoes fed on M-A436 on days 26 and 27. 
M-A42: normal monkey, recipient of blood drawn 
from M-A436 on day 149. Compare with M-A436 
and M-A120. M-A120: normal monkey, employed 
in routine passage of M strain of P. cynomolgi. 
M-A889: splenectomized monkey, infected with 
the M strain of P. cynomolgi. 


Two additional attempts were made to trans- 
mit the M strain of P. cynomolgi to human 
volunteers. One on August 1, 1960, involved two 
Negro males, 37 and 24 years of age. These 
subjects were bitten by heavily infected A. 
freeborni which had fed previously on a monkey 
infected with trophozoites of the M strain. The 
final attempt on August 25 involved two white 
males, 24 and 51 years of age, who were bitten by 
heavily infected A. freeborni* which had fed 
previously on monkey A-436 (the subinoculee of 
KH). None of these 4 volunteers developed 
clinical symptoms of malaria. Blood drawn from 
each of these subjects 10 days after mosquito 
feeding yielded negative results when inoculated 
into normal rhesus monkeys. 


DISCUSSION 


It is abundantly clear from the results de- 
scribed above that infections with P. cynomolgi, 
a parasite considered to be of simian preference 


* The infectivity of the 2 lots of the mosquitoes 
which had fed on these 4 volunteers was proved by 
inoculation of homogenates of the salivary glands 
into 4 monkeys, 2 normal and 2 splenectomized. 


and specificity, can be transmitted to man via 
the bites of infected anopheline mosquitoes. It is 
equally clear that this potential for human trans- 
mission is a quality of both a recently isolated 
strain (bastianellii) and a well-established labora- 
tory line (M). Transmissibility to man may well 
be a general property of all strains of P. cynomolgi 
although obviously this remains to be proved. 

The current study, as well as the independent 
and previously published observations of Eyles, 
Coatney, and Getz,? does show that the bastia- 
nellii line is transmitted from monkey to white 
human subject with comparative ease. Further 
evidence on this point comes from a fourth 
accidental infection which occurred in early 
July, 1960, at the Naval Medical Research 
Institute, Bethesda, Maryland, in a worker who 
presumably was bitten by A. freeborni infected 
with the bastianellii strain while dissecting sali- 
vary glands for tissue culture studies. These 
mosquitoes had been shipped to the Naval Medi- 
cal Research Institute from this laboratory. All 
of this earlier evidence has been reinforced by the 
recent report of a systematic study by Beye and 
co-workers® in which parasitemias were estab- 
lished in 12 of 13 white recipients of bites of A. 
freeborni and A. quadrimaculatus infected with 
the bastianellii strain. 

It is apparent from the results of the current 
investigation, as well as from those of a more 
extensive study,’ that infections with the M 
strain of P. cynomolgi are less readily transmitted 
from monkey to man than are those with the 
bastianellii strain. This strain difference is not too 
surprising. Systematic observations* have shown 
that the characteristics of simian infections with 
the M strain have changed substantially since 
this plasmodium was introduced into our labora- 
tory in 1946. These changes in infectivity for the 
monkey, probably related to more than 25 years 
of maintenance via blood to blood passages, could 
certainly have their counterpart in altered infec- 
tivity for man. It is noteworthy, however, that a 
recent investigation’ has shown clearly that the 
transmissibility of this strain to man is improved 
markedly by as few as two serial passages through 
human volunteers. Following such passages the 
M strain seems to be as easily transferred to man 
as the bastianellii strain. 

It is difficult to leave the subject of the trans- 
mission of P. cynomolgi to man without at- 
tempting to reconcile the ease with which this 
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event now appears to occur with our former 
conceptions of the difficulties of such transfer. 
There are a number of reasonable explanations 
which should be considered. First, many un- 
published unsuccessful efforts have involved use 
of infected blood. Such a procedure is probably 
doomed to failure because of the incompatibility 
of the foreign blood. Many of the monkey sub- 
inoculees in the current study developed a hemo- 
globinuria promptly after injection of human 
blood. Presumably this reflected destruction of 
human erythrocytes, a process which was prob- 
ably equally devastating to both red cell and 
malaria parasite contained therein. 

Secondly, there have probably been few at- 
tempts to transmit P. cynomolgi from monkey to 
man via infected mosquitoes. Only two studies*: 4 
have come to our attention. Both yielded nega- 
tive results, but neither represented an intensive 
effort. Only a few mosquitoes were employed in 
these attempts. The infectivities of these mos- 
quito lots for the monkey were not demon- 
strated. The presence of parasites on films was the 
sole endpoint used for successful transmission. 
Several of the current “laboratory accidents” and 
“directed transmissions” would have been missed 
if this criterion had been used alone. 

Finally, one must inquire as to the cause for the 
rather remarkable series of laboratory accidents 
during the April to July interval in 1960 and the 
absence of such events previously. Several factors 
were probably involved. Prior to 1959, work with 
P. cynomolgi had been limited to the M strain 
which even under optimal conditions is trans- 
mitted to man with difficulty and on primary 
passage produces symptoms which could be 
confused with nonspecific illnesses. The disease 
syndrome associated with infections with the 
more virulent bastianellit strain is more readily 
recognized. In addition to the introduction of 
this latter parasite, use of a more efficient anophe- 
line vector may have played a role. In our experi- 
ence A. quadrimaculatus is a comparatively poor 
vector for P. cynomolgi; A. freeborni, on the other 
hand, is a highly efficient definitive host. 

In concluding this report, we should like to 
reemphasize the point made by Eyles, Coatney 
and Getz? relative to the epidemiologic signifi- 
cance of the demonstrated transfer of P. cyno- 
molgi to man. In theory this finding could be of 
substantial importance to malaria eradication 
programs in some locales. This possibility merits 
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most serious study and should not be dismissed 
lightly. 


SUMMARY 


On May 8, 1960, one of the staff of the Para- 
sitology Section of this Institute developed a 
febrile illness subsequently diagnosed as malaria. 
Paroxysms of tertian periodicity were produced 
by a parasite morphologically indistinguishable 
from Plasmodium vivax. Transfer of the infec- 
tions from this laboratory worker to a normal 
rhesus monkey suggested the possibility of acci- 
dental transmission to man of one of the strains 
of Plasmodium cynomolgi under study in the 
Institute. 

Systematic efforts to confirm the above sugges- 
tion followed. Human volunteers were bitten by 
mosquitoes heavily infected with either the 
bastianellit or M strain of P. cynomolgi. Two of 
two volunteers inoculated with the bastianellit 
strain developed patent infections which could 
be transferred back to the rhesus monkey via 
injection of human blood. None of the 7 volun- 
teers inoculated with the M strain developed a 
parasitemia detectable on examination of thick 
blood films. Blood from one of these volunteers, 
taken at a time of low-grade fever, did produce 
an atypical malarial infection in a rhesus monkey. 
However, typical infections resulted from either 
blood or sporozoite transfer of the parasites from 
this monkey to other normal animals. 

These developments appear to warrant the 
conclusions: (1) that the original infection was 
doubtless caused by accidental transmission of 
the bastianellit strain of P. cynomolgi; (2) that 
infection with either the bastianellii or M strain 
of P. cynomolgi can be transmitted to man; and 
(3) that transmission of the more recently iso- 
lated bastianellit strain can be accomplished 
more readily than can transmission of the M 
strain which has been carried in the laboratory 
by blood to blood transfer for more than 25 years. 
Stress has been laid on the need for open-minded 
evaluation of the significance of these findings 
to malaria eradication and control problems in 
various parts of the world. 
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PLASMODIUM FALCIPARUM 


MARTIN D. YOUNG* 
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Allergy and Infectious Diseases, Laboratory of Parasite Chemotherapy, Section on 
Epidemiology, Columbia, South Carolina 


The resistance to chloroquine of a strain of 
Plasmodium falciparum originating in Colombia, 
South America, was reported recently.! This 
strain has since been challenged with the usual 
curative doses of amodiaquine (Camoquin®) and 
hydroxychloroquine (Plaquenil®), closely related 
members of the 4-aminoquinoline group. The 
results are given in this report. 

The malaria infections were induced into neuro- 
syphilitic patients either by the injection of 
infected blood or by the bites of infected mos- 
quitoes. The drug was given under supervision 
either during the first part of the primary attack 
or after several weeks of clinical activity. 


OBSERVATIONS 


Urine specimens were tested by Haskins’ 
method? for the presence of hydroxychloroquine 
before and after the drug was given. Following 
hydroxychloroquine administration, all urine 
samples showed a positive test for this drug, 
similar to that found for chloroquine. 

The results of the findings with the Colombia 
strain and the comparative data with other 
strains of P. falciparum are given in Tables 1 and 
2. 

Three patients with the Colombia strain which 
had previously shown resistance to chloroquine 
were treated with 0.6 gram amodiaquine, in a 
single dose. Patient 1307 had irregular fevers for 
9 days afterward. In patient 1328 there was an 
increase in parasite density during the week 
following treatment. For all three cases, an 
average of 19% of the parasites remained in the 
blood stream 48 hours after drug administration 
and 22% remained after 7 days. None of the 
parasitemias was eliminated within 2 weeks 
(Table 2). 

For comparison, data compiled from 655 
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patients with the South Carolina, Panama, 
Malaya, or India strain treated with amodiaquine 
are given in Table 2. With these strains where 
daily data were available, 48 hours after 0.6 
gram or less of the drug was given, from <0.1 to 
9% of the parasites remained. The average 
clearance time was from 1.2 to 5.3 days, with 
the over-all clearance averaging less than 3 days. 

Three patients with the Colombia strain 
infection received the 1.4 grams amodiaquine 
regimen, viz., Ist day 0.6 gram, 2nd and 3rd days 
0.4 gram each day, during the first part of the 
primary attack when the parasitemias were in 
the ascendancy. In no. 1337, the parasite density 
was 55,825 per cmm at the beginning of the 
drug regimen and increased to 415,872 per cmm 
3 days later, that is, 24 hours after the last dose 
of drug. Because the latter parasite density was 
at a very dangerous level, quinine therapy was 
begun. The parasites were finally cleared from 
the blood stream but for 2 days only. 

In the second case, no. 1057, there was a 
similar increase during amodiaquine therapy, the 
highest parasitemia being exhibited 48 hours 
after completion of the 1.4 grams drug regimen. 
The following day the parasites began decreasing 
but never disappeared (Figure 1). 

The third case, no. 1338, had 4,759 parasites 
per cmm on the Ist day of therapy and 72,814 
the 2nd day. One day after the completion of 
therapy there were 73% more parasites present 
than before the initiation of therapy. Following 
this, the parasitemia declined but did not dis- 
appear. The fevers occurred 5 days after treat- 
ment in one case and 7 days afterward in another, 
a comparatively long persistence. 

For comparison, the responses to 1.4 grams or 
less of amodiaquine in 77 patients infected with 
the South Carolina or Panama strain are shown 
in Table 2. For the four cases for which daily 
data are available, less than 1% of the parasites 
remained 48 hours after the first dose of drug as 
compared with 374% (nearly a 4-fold increase) 
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Response to varying doses of amodiaquine and hydroxychloroquine of Colombia, South America, 
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TABLE 1 


of Plasmodium falciparum 
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Symbols: C = chloroquine; * = fever this day; NC = not cleared in 14 days; Q = quinine sulfate 
0.65 gram tid; A = amodiaquine; M = treated with mepacrine. 


in the Colombia strain. Furthermore, the average 
time for the clearing of parasites of the normal 
strains from the blood stream averaged from 1.1 
to 2.8 days as compared to none of the Colombia 
cases being cleared within 2 weeks, including the 
patient who also had received quinine. 

A striking example of the difference in strain 
response to the same drug is shown in patient 
1057 (Figure 1). In October 1959, when he was 
infected with the McLendon (South Carolina) 
strain, a single dose of 0.6 gram amodiaquine 
removed the asexual parasites within 3 days. 
In January 1961, the Colombia strain in the 
same patient was challenged with 1.4 grams 
amodiaquine, more than twice the amount used 
against the McLendon strain; the parasitemia 
actually increased during and immediately 
following drug administration. The parasitemia 
later decreased but never disappeared. 

When the clinical symptoms returned after the 
failure of amodiaquine in patients 1337 and 1057, 


1.2 grams hydroxychloroquine in a single dose 
was given to each (Table 1). In no. 1337, the 
parasitemia had more than doubled 4 days later 
and it persisted, along with occasional fevers, for 
55 days, at which time the parasite count was 
6,453 per cmm. A single dose of 50 mg of pyri- 
methamine (Daraprim®) eliminated the parasites 
within 48 hours and they had not reappeared 39 
days later. 

One week after hydroxychloroquine adminis- 
tration the parasites were still present in patient 
1057. He was then given mepacrine (Atabrine®) 
in the standard regimen of 2.8 grams in 7 days. 
The asexual parasites were eliminated within 4 
days after the initiation of treatment. Parasites 
reappeared after 15 negative days. 

In two other cases, 1307 and 1335, where there 
had been failures with amodiaquine, hydroxychlo- 
roquine also was given, 1.2 grams in a single dose, 
when the parasitemias were 270 and 1,498 per 
emm, respectively. The parasites had not been 
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TABLE 2 
Comparative response to drugs of various strains of Plasmodium falciparum 





l j 

| | Days to clear 
Avg. 

| p/cmm x 


. No Drug 
* - | 14 
Strains pts. (grams) -—— 
| Range | Avg. 
| 


Re- Avg. 
lapse/ | days to 
total | relapse 


Remarks 





Amodiaquine 





1 | 0.6i.m.t| 5250 | 


3 | 0.6 | g048 | 2-11 | 
170 | 0.4-0.6 | 18745 | 
398 | 0.6 

83 | 0.5-0.6 | 1-3 

3 | 0.6 6526 | 


Followed 30 days 
31.5 | 


| 
| 
| 
| 


Had received chloroquine 


| 3 others failed to clear 
| previously 








| 








68 | 1 
4/1 


| 2 others were failures 
| Cleared by mepacrine in 3, 3, 
| and 4 days in 3 patients 








| 
- 
*Strains: C = Colombia, South America; P = Panama; PD = Panama pyrimethamine resistant; 


M = Malaya; SC = South Carolina (McLendon); I = India. 
Symbols: Q = quinine sulfate to one patient (see Table 1); § = approximate; t = two doses of 0.3 
gram 4 hours apart; NC = not cleared in 2 weeks; “‘cleared’’ = negative for 3 consecutive days; i.m. 


= intramuscularly; p = parasites. 


eliminated 7 days later and the patients were 
then given the standard 2.8 grams mepacrine 
regimen; the parasites disappeared within 3 days. 
After 27 negative days, a relapse occurred in 
patient 1307. 

In contrast to the poor response of the 
Colombia strain to 1.2 grams hydroxychloro- 
quine, Hoekenga‘ in Panama, using about the 
same dose of drug, 7.e., 1.25 grams, found that 68 
patients with P. falciparum were cleared of the 
parasites on an average of 1.3 days (Table 2). 
He reported two failures. 


DISCUSSION 


When the Colombia, South America, strain of 
P. falciparum proved resistant to chloroquine, it 
appeared important to determine whether this 
parasite was resistant also to other members of 
the important 4-aminoquinoline group of drugs. 
The results indicate that resistance is present to 
amodiaquine, which is a widely used drug, and to 


hydroxychloroquine, a more recent member of 
the group. The resistance of the parasite to 
amodiaquine seemed to be as marked as against 
chloroquine. For example, in one acute case (no. 
1337) the standard amounts of the drug seemed 
to have no effect on the increasing parasitemia. 
Just as in the chloroquine failures, resort was 
made to quinine with good results. In another 
instance (no. 1057) the poor response of the 
Colombia strain to 1.4 grams as compared to 
a quick response of the McLendon strain in the 
same patient previously to 0.6 gram is striking. 

We have not had any experience with hydroxy- 
chloroquine against strains of parasites other 
than the Colombia strain. In our cases, however, 
it is obvious that the hydroxychloroquine was 
not effective against the parasites in comparison 
to the response seen by other observers with that 
drug. 

As indicated in the earlier report! this strain 
of P. falciparum parasites apparently originated 
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Fic. 1. Response of the McLendon and Colombia strains of Plasmodium falciparum to various drugs 
in patient 1057. Symbols: A, amodiaquine; G, grams total; HC, hydroxychloroquine; M, mepacrine; 
arrow, day drug given; bar, °F temperature with Colombia strain infection; broken line, McLendon 


strain; solid line, Colombia strain. 


in the Magdalena Valley, South America, where 
chloroquine is given to ambulant fever cases 
in clinics. It is now apparent that these parasites 
are also resistant to amodiaquine and to hydroxy- 
chloroquine. Amodiaquine may be available in 
Colombia but probably to a lesser extent than is 
chloroquine.* Whether hydroxychloroquine is 
used is unknown but it appears unlikely that it 
is readily available. Chloroquine apparently is 
the most available of these three drugs in 
Colombia. Therefore, it seems likely that the 
resistance to hydroxychloroquine, and perhaps 
also to amodiaquine, is a cross-resistance which 
occurred originally against chloroquine. 

We know of one case in the literature of P. 
falciparum apparently exhibiting a resistance to 
amodiaquine. Patel and Dalal’ reported an 
infected patient in Bombay, India, who received 
three different single-dose treatments of 0.5 
gram amodiaquine, each within 1 month’s time, 
apparently without eliminating the parasites and 
with only partially affecting the symptoms. The 
infection did respond satisfactorily to quinine 
and proguanil. 

The infections of Colombia P. falciparum 
resistant to chloroquine, amodiaquine, and 


hydroxychloroquine responded to quinine and 
mepacrine. The single case treated with quinine 
relapsed quickly. Two of the four cases treated 
with mepacrine also relapsed. The single case 
treated with pyrimethamine appeared to respond 
normally. 

Patient no. 1057 had 32 paroxysms with the 


South Carolina (McLendon) P. falciparum 
strain, ending in October 1959. When given the 
South American strain 13 months later, he ran 
an acute course, indicating little or no cross- 
immunity between the strains. 

Patients 1335, 1338, 1337, and 1057 were 
bitten by mosquitoes which had been infected 
from either patient 1307 or 1334. As both the 
donor and recipient patients exhibited resistance 
to amodiaquine, it is evident that this quality is 
maintained during the sporogonous cycle. 

As cross-resistance among chloroquine, amod- 
iaquine, and hydroxychloroquine of the 4-ami- 
noquinoline group probably exists, it would 
seem logical and certainly precautionary to 
assume that cross-resistance might exist among 
all members of this chemical grouping until 
evidence is presented to the contrary. Certainly, 
when resistance is demonstrated in the field 
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against any 4-aminoquinoline it would appear 
desirable to use a drug of some other group, 
such as quinine or mepacrine, to treat the case, 
especially if acute. 


SUMMARY AND CONCLUSIONS 


A strain of Plasmodium falciparum from the 
Magdalena Valley, Colombia, South America, 
which is resistant to chloroquine, has been shown 
to be resistant also to amodiaquine (Camoquin®) 
and to hydroxychloroquine (Plaquenil®), which 
are other members of the 4-aminoquinoline 
group. The resistant quality persisted after 
mosquito passage. The infections responded to 
quinine and to mepacrine, but relapses occurred. 
In areas where there is resistance to one of the 
above 4-aminoquinolines, it would appear 
unwise to depend upon another of the group for 
treatment, especially in acute cases; until evi- 
dence to the contrary is found, it seems desirable 
to use some other drug, perhaps quinine or 
mepacrine. 
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ANTIMALARIAL ACTIVITY AND METABOLISM OF BIGUANIDES 
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Shortly after the discovery of chlorguanide 
(CG), observations were made which suggested 
that this antimalarial drug was converted to a 
derivative more active than the parent com- 
pound. Thus in 1946 Tonkin' showed that CG 
had almost no activity against Plasmodium 
gallinaceum in vitro. In contrast, in 1947 and 1948 
Hawking? * demonstrated that sera of monkeys 
treated with CG contained a substance which 
inhibited the development in vitro of both P. 
gallinaceum and P. cynomolgi. In 1951 Geiman‘ 
confirmed this latter observation. 

Stimulated by the observations of Tonkin! and 
Hawking? and by a basic interest in drug metabo- 
lism, Hughes in this laboratory undertook an 
investigation of the fate of chlorguanide in man 
and rhesus monkey. By early 1949 this investiga- 
tion had led to the demonstration of the presence 
of two metabolites of CG in the liver of rhesus 
monkeys and in the serum and urine of humans 
and monkeys to whom CG had been adminis- 
tered. Both of these metabolites were isolated in 
crystalline form from monkey urine.’ One was 
identified as N'-p-chlorophenylbiguanide (PBG). 
The second was determined to be a triazine’ and 
subsequently identified as 1-p-chlorophenyl-2 ,4- 
diamino - 6,6 - dimethyl - 1,6 - dihydro - 1,3,5- 
triazine or CGT.*: 7 This triazine metabolite was 
approximately ten times as active as the parent 
compound against infections with P. gallinaceum 
in chicks and also inhibited development of this 
parasite in vitro.*: * These findings appeared to 
support the general conclusion that conversion of 
CG to this triazine was responsible for anti- 
malarial activity. 

Studies on the comparative activities of CG 
and CGT against primate malarias have made it 
difficult to accept the above generalization. Thus 
the triazine metabolite (CGT) was only one- 


* This study was supported in part by research 
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fourth as active as the parent drug (CG) against 
cynomolgi infections in the rhesus monkey’® 
and distinctly less active than CG against P. 
falciparum infections in man." A number of 
explanations have been advanced to account for 
these diverse reactions of avian and primate 
malarias. Among these was the suggestion that 
the so-called active triazine might be rapidly 
metabolized or excreted. Were this the case, ad- 
ministration of widely spaced doses of this com- 
pound might have less therapeutic effect than 
similarly spaced doses of CG which because of 
extensive tissue localization might be slowly and 
steadily converted to the triazine. This sugges- 
tion led to the present studies on the serum 
concentrations and urinary excretion of CG and 
CGT in monkeys following single oral, intra- 
muscular and intravenous doses and studies of 
the urinary excretion of CG and metabolites 
following single oral doses in man. 


MATERIALS AND METHODS 


Animals. Rhesus monkeys of both sexes 
weighing from 3 to 4 kg were used in this study. 
The concentrations of CG and its metabolic 
products in serum were measured in 8 monkeys 
following single intramuscular doses of 20 mg/kg 
and in 2 monkeys following single intravenous 
doses of 10 mg/kg. At a later date, the 8 monkeys 
injected with CG intramuscularly and the 2 
monkeys which had received the drug intra- 
venously were given identical doses of CGT via 
the same routes. Samples of sterile clotted blood 
were taken for analysis at 0, .5, 1, 2, 4, 8, 24, and 
48 hours after injection. Six other monkeys re- 
ceived CG in single oral doses of 100 mg/kg and 
were bled for analytical purposes prior to treat- 
ment and 1, 2, 3, 5, 8, and 24 hours thereafter. 
Metabolism of CGT administered orally was not 
studied because previous work by Hughes” in- 
dicated that the compound was absorbed er- 
ratically via this route. All animals used in these 
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studies were fed the standardized diet described 
by Schmidt and Genther.” 

Urinary excretion of CG and metabolites was 
studied as follows. By a cross-over technic, 
animals were injected first with CG or CGT and 
at a later time with the opposite compound. Two 
animals received the drugs in single intravenous 
doses of 10 mg/kg; 2 monkeys received single 
intramuscular doses of 20 mg/kg. To measure 
the urinary excretion of CGT microbiologically, 
it was necessary to reduce the amount of folic 
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acid-like materials in the urine. This was ac- 
complished by feeding a diet lower in folic acid 
than that customarily employed. Urine was col- 
lected in iced baths for one or more 24-hour pre- 
treatment periods and for consecutive 12-hour 
intervals after drug administration. Aliquots of 
each urine sample were sterilized for micro- 
biological assay by filtration through Millipore® 
filters; the remainder was stored at —20°C. 

In studying the metabolism of CG in man, 4 
male volunteers were given CG in single oral 


TABLE 1 


Concentrations of metabolic products of chlorguanide in serum after intramuscular injection 
of monkeys with single doses of 20 mg/kg 





Serum concentration in mg/L 
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* Total (A) = total p-chloroaniline-containing metabolites measured chemically. CGT (B) = chlor- 
guanide triazine measured microbiologically. A — B = CG + PBG (by difference). 
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doses of 300 mg. Urine was collected for 24 hours 
preceding and for four 24-hour intervals follow- 
ing drug administration. The same precautions 
were employed as were observed with the monkey 
urine. 

Chlorguanide (CG) and chlorguanide triazine 
(CGT) used in this study were obtained from 
Imperial Chemical Industries Ltd., Manchester, 
England, and contained no impurities demon- 
strable by countercurrent distribution analysis.” 
Both compounds were administered to monkeys 
as sterile aqueous solutions of the hydrochlorides, 
all doses being expressed as mg base per kg body 
weight. In the human studies each subject re- 
ceived the equivalent of 300 mg CG base. 

Analytical procedures. Concentrations of CG- 
like substances in serum and urine were deter- 
mined chemically by the colorimetric methods of 
Schmidt, Hughes, and Smith’ slightly modified. 
This method measures the sum of CG and all 
metabolic products which are extracted by 
ethylene dichloride from an alkaline solution and 
hydrolyzed by 0.25 N HCl at 134°C to p-chloro- 
aniline (PCA). As shown by the extensive 
countercurrent distribution studies of Hughes” 
and confirmed in this investigation, urine of 
monkeys treated with CG contains but three 
materials which yield PCA on strong acid 
hydrolysis. These are CG, CGT, and PBG, the 
chemical method measuring the sum of these 
materials. Each substance could be recovered 
quantitatively from serum or urine. Pre-treat- 
ment serum or urine samples contained negli- 
gible quantities of EDC-extractable substances 
which could be hydrolyzed to PCA. 


CGT AFTER CGT 








4 24 


2 
TIME IN HOURS 


Fie. 1. Concentrations of chlorguanide (CG) 
plus p-chlorophenylbiguanide (PBG) and chlor- 
guanide triazine (CGT) in serum after intra- 
' muscular doses of CG and CGT (20 mg/kg). 
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Microbiological assay. Because of the unique 
activity of CGT as a folic acid antagonist it is 
possible to determine this material microbiologi- 
cally in mixtures of CG metabolites such as one 
encounters in serum or urine. Antifolic acid 
activity of these materials was measured as de- 
scribed by Smith and IThrig.'® Streptococcus 
fecalis was employed as the test organism; CGT 
concentrations were calculated by reference to 
standard growth inhibition curves obtained by 
adding increasing amounts of CGT to the assay 
medium. Such a standard was included in each 
assay. When the test medium contained 0.002 
folic acid per ml, 50% inhibition of growth was 
achieved at a CGT concentration of 0.006 + 
0.003 y per ml. 

In the late phases of this study, a method was 
devised for measuring the PBG content of urine. 
It had been shown previously?” that PBG 
could be condensed with acetone in the presence 
of HCl to give CGT. This conversion was found 
to be quantitative when a mixture of 1 part of 
urine, 4 parts of acetone and 5 parts of 0.1 N HCl 
was incubated for 16 hours at 37°C. In practice, 
the PBG content of urine was determined as the 
difference between the microbiological measure- 
ment of triazine content of urine treated with 
acetone and HC]! as indicated above and the con- 
centration of preformed CGT. The values for 
CGT and PBG obtained in this way agreed 
closely with the values obtained when the same 
urine was analyzed by countercurrent distribu- 
tion. 

RESULTS 


Concentration of CG metabolites in the sera of 
monkeys treated with CG and CGT. The concentra- 
tions of total PCA-containing metabolites and 
various metabolite fractions in the sera of in- 
dividual monkeys injected intramuscularly with 
CG (20 mg/kg) are shown in Table 1. The means 
of these data have been set forth in Figure 1. 
Both the individual and mean observations show 
that the concentration of total PCA-containing 
material (CG, CGT and PBG) was at a peak 30 
minutes after injection of CG and decreased 
significantly in the next half hour. During the 
next 2 or 3 hours there was little change or a 
slight increase. Subsequently there was a steady 
decline in the concentration of total metabolites 
in serum giving a die-away curve with a much 
flatter slope than was encountered between 0 and 
1 hour. 
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TABLE 2 
Concentrations of metabolic products of chlorguanide triazine in serum after intramuscular injection of 
monkeys with single doses of 20 mg/kg 





Serum concentration in mg/L 
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The data in both Table 1 and Figure 1 show 
that the peculiar plateauing in the above curve 
coincides with the appearance in the serum of 
sizable amounts of the triazine metabolite, CGT. 
When the amounts of CG and PBG in serum are 
calculated by subtracting the CGT curve from 
the “total CG, CGT and PBG curve,” an abrupt 
change in slope of this calculated CG and PBG 
curve also occurs about 1 hour after dosing. One 
possible explanation for these findings will be 
discussed later. 

When the same monkeys were injected intra- 
muscularly with CGT (Table 2 and Figure 1), 
the concentrations of CGT in the serum fell 
steadily from an average value of 9.9 mg/L at 
one-half hour to a level of 0.85 mg/L at 8 hours. 
Thereafter the slope of the die-away curve be- 
came less steep, exhibiting a slope almost identi- 
cal with that of the “CGT from CG” die-away 
curve. The values for the concentrations of CGT 
in serum obtained by microbiological assay were 








fe 
TIME IN HOURS 


Fig. 2. Concentrations of chlorguanide (CG) 
plus p-chlorophenylbiguanide (PBG) and chlor- 
guanide triazine (CGT) in serum after intravenous 
doses of CG and CGT (10 mg/kg). 


slightly but probably not significantly higher than 
the corresponding values obtained by chemical 
assay indicating little evidence of transformation 
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of CGT to materials with significantly greater or 
less antifolic acid activity. 

As shown in Figure 2, essentially the same 
general pattern with slight modifications char- 
acterized the findings in two monkeys in which 
CG was administered intravenously in single 
doses of 10 mg/kg. Again there was an abrupt 
change in the slope of the curve for “total CG, 
CGT, and PBG” at 1 hour, coinciding with the 
appearance of CGT in the serum. CG and its 
metabolites appeared to be cleared more rapidly 
from the blood after intravenous administration; 
however, this result may have been related to the 
use of a smaller intravenous dose. Irrespective of 
the route of administration, detectable amounts 
of CG and PBG were still present in the blood 
at 48 hours. 

When the same monkeys were injected intra- 
venously with CGT (Figure 2), the average 
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serum level fell rapidly from a peak value of 4 
mg/L at one-half hour after injection to about 
0.35 mg/L at 8 hours after injection. The subse- 
quent die-away curves for “CGT after CGT” 
and for “CGT after CG” were both rather steep 
but were probably not significantly different in 
slope. 

The concentrations of CG and its metabolites 
in the serum of 6 monkeys given single 100 mg/kg 
oral doses of CG are shown in Table 3. No at- 
tempt has been made to compute average values 
because of the rather large differences between 
the curves obtained with different animals. Peak 
blood concentrations of total CG metabolites 
varied from 1 to probably 5 mg/L (monkey 
9102), the peak occurring as early as 1 and as 
late as 5 hours after dosing. 

Rather striking differences are observed in the 
ratios of CGT to [CG + PBG] in serum follow- 


TABLE 3 
Concentrations of chlorguanide metabolites in serum following single oral 100 mg/kg dose in monkeys 





Serum concentration in mg/L 





Monkey no. 


Time after administration in hours 





5 





Total (A)* 
CGT (B) 
CG + PBG 


Total (A) 
CGT (B) 
CG + PBG 


Total (A) 
CGT (B) 
CG + PBG 


Total (A) 
CGT (B) 
CG + PBG 





Total (A) 
CGT (B) 
CG + PBG 


Total (A) 
CGT (B) 
CG + PBG 
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0.57 | 
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* Total (A) = total p-chloroaniline-containing metabolites measured chemically. CGT (B) = chlor- 
guanide triazine measured microbiologically. A — B = CG + PBG (by difference). 


t Insufficient sample for analysis. 
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TABLE 4 
Comparison of the ratios of CGT/CG + PBG in 
sera of monkeys receiving CG via intra- 
muscular or oral administration 





| Ratio of CGT/CG + PBG in serum 
Monkey einen 


Oral Rx 


Intramuscular Rx 





4 and 5 hours after treatment 





0.36 
0.30 
0.48 
0.28 
0.38 
0.28 
0.55 
0.79 





8 hours after treatment 


0.44 
0.30 
0.61 
0.37 
0.30 
0.27 


wh 


oe or 


ae 


7 
8 


1.01 





Mean 0.45 





*4 hours after treatment. 
+5 hours after treatment. 


ing intramuscular and oral administration of CG. 
The results obtained at 4 or 5 hours and 8 hours 
after CG administration are so compared in 
Table 4. When CG was injected intramuscularly 
the ratios of CGT to [CG + PBG] varied from 
0.28 to 1.01 with an average value for all ratios 
at 4 and 8 hours of 0.45. When CG was given 
orally the proportion of CGT in the serum was 
much larger generally, the values at 5 and 8 
hours varying from 0.79 to 3.0. The average 
value of the ratio was 1.6. This suggests that 
there may be significant differences in tissue 
distribution of CG depending upon route of ad- 
ministration. If the hypothesis is accepted that 
conversion of CG to CGT occurs primarily in the 
liver, then one would expect a higher yield of 
CGT when the parent compound is given orally 
than when the same dose is administered intra- 


699 


muscularly. The results obtained in this study 
are compatible with this explanation. 

Urinary excretion of CG and CGT. Data on the 
urinary excretion of PCA-containing materials 
following injection of CG have been summarized 
in Table 5. From 60 to 80% of the dose was re- 
covered in the urine as total urinary metabolites 
following either intravenous or intramuscular 
administration of CG, the major fraction being 
excreted in the first 24 hours. Excretion was 
negligible after the 3rd day. The fraction of total 
PCA material recovered as CGT (microbiological 
assay) varied from 25 to 42% and apparently was 
not influenced by the route of injection. 

When CGT was injected intramuscularly, 
about 80% of the dose was recovered in the urine 
(Table 6). From microbiological assays, 90 to 
97% of the urinary material appeared to be 
CGT. When the drug was given intravenously, 
total metabolites recovered in the urine ac- 
counted for 86 to 92% of the CGT administered, 
and of this 85 to 90% was CGT. Thus, following 
injection of CGT 80 to 90% of the dose was ex- 
creted in the urine in 2 days; at least 90% com- 
prised unchanged drug. 

Metabolism of CG in man. The results of urinary 
excretion studies in 4 human volunteers following 
single oral doses of 300 mg of CG are shown in 
Table 7. Urinary excretion of total PCA-con- 
taining metabolites was similar in the 4 subjects. 
It varied from 56 to 66% and was essentially 
complete by the end of the 4day collection 
period. Values for urinary excretion of total 
metabolites were not unlike those obtained 
previously in monkeys. 

The excretion of CGT varied considerably 
from subject to subject, ranging from 11 to 25% 
of the total dose. From 17 to 43% of the material 
in the urine consisted of CGT, the average con- 
version of CG to CGT in human subjects being 
about the same as that observed in monkeys. 

The amount of parent drug recovered in the 
urine, obtained by subtracting the sum of the 
concentrations of CGT and PBG from the total 
PCA-containing metabolites, varied from 27 to 
50% of the dose of CG administered. It was the 
largest single urinary metabolite, accounting for 
46 to 76% of the total material. 

Urinary excretion of PBG, measured by con- 
version of CGT as described above, accounted for 
only 3 to 6% of the CG administered or 5 to 11% 
of the total urinary metabolites. In the simian 
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TABLE 5 
Cumulative urinary excretion after single doses of chlorguanide in monkeys 





% of dose excreted 





Dose mg/kg and 
route 


Ratio CGT/ 


Time after injection in days total in % 





_ 


3 





10 i.m. Total* 
CGTt 
Total 
CGT 
Total 
CGT 
Total 
CGT 
Total 
CGT 
10 i.v. Total 


| CGT 


| 
—_|_—— 
| 
| 10 i.m. 
20 i.m. 
20 i.m. 
7371 10 i.v. 


7389 
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30.5 


34.0 





30.6 


25.0 


30.2 
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41.6 














* Total p-chloroaniline-containing metabolites (CG, CGT, and PBG) measured chemically. 
t Total anti-folic acid activity (CGT) measured microbiologically. 


host, PBG accounted for a larger fraction of the 
metabolites of CG.¥ 

It is of interest to note that although total 
excretion of CG, CGT, and PBG dropped sharply 
from day 1 to day 4, the ratios of the three 
metabolites in the urine of any given individual 
exhibited little day-to-day variation. 


DISCUSSION 


In accounting for the antimalarial activity of 
CG, it is important to consider the therapeutic 
contributions of the parent drug and the two 
recognized metabolites, CGT and PBG. Sys- 
tematic studies in this laboratory’® showed that 
PBG lacked activity against P. cynomolgi. Since 
there is no conflicting evidence on this point, it 
seems reasonable to ignore the contributions of 
PBG in the present discussion and focus our at- 
tention on the contributions of CG and CGT. 

As stated in the introduction, certain in vitro 
observations have led some investigators to as- 
sume that the antimalarial activity of CG resides 
in its conversion to the triazine, CGT. This sug- 
gestion is controverted by the demonstration that 
CG is actually more active than CGT in simian 
and human malaria. In an effort to resolve this 
apparent conflict it has been postulated that the 
administration of CG may provide a more con- 
tinuous source of CGT than is obtained when the 
equivalent amount of CGT is administered. This 


TABLE 6 


Cumulative urinary excretion after single doses 
of chlorguanide triazine in monkeys 





% of dose 
excreted 


Dose mg/kg 


Ratio 
Monkey 
no. and route car a= 


Time after in- 
jection in days 


i | 2 


| 





7364 | 20 i.m. 





Total* | 67.2 
CGTt | 63.5 
Total | 78.2 
CGT 70.2 
Total | 90.0 
CGT 80.0 
84.6 

3 


78.3 
75.6 
81.1 
73.0 
91.8 
82.2 
85.8 
72.9 


96.6 


7365 | 20 i.m. 90.0 





7371 | 10i.v. 89.5 


7389 | 10i.v. Total 


CGT | 71 


85.0 














* Total p-chloroaniline-containing metabolites 
(CG, CGT, and PBG) measured chemically. 

t Total anti-folic acid activity (CGT) measured 
microbiologically. 


postulate rests on the recognition that CG is 
localized extensively in certain tissues, such as 
the liver, where it undergoes continuous trans- 
formation to CGT. This triazine is returned to 
the blood stream slowly and steadily where it can 
act on parasitized erythrocytes. On the other 
hand, CGT concentrations might not be main- 
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TABLE 7 
Cumulative excretion of chlorguanide and metabolites in urine after single oral doses of 300 mg in humans 





Name Day |— 


| 
| % of dose 


% of urinary metabolites 





CG CGT PBG 





C. 8. 


| 
| 


SSSR SERS 
COA &w 





RBRRS 
a o = 
or we 


Avg. Total 37.1 











4.6 

















* Total p-chloroaniline-containing metabolites measured chemically 


tCG = total — (CGT + PBG). 
¢ Determined microbiologically. 


tained for extended periods after administration 
of this agent as such, since it is not stored to any 
extent in the tissues and should undergo con- 
tinuous and fairly rapid urinary excretion. 

The findings reported here, while perhaps in- 
sufficient to clearly controvert the above hypoth- 
esis, are not entirely in agreement with it. Thus, 
when CG was administered, substantial amounts 
of CGT were formed, especially when the com- 
pound was given orally. On the other hand, there 
was considerable persistence of CGT when this 
agent was administered so that the serum levels 
of “CGT from CGT” after intramuscular injec- 
tion were consistently higher than the corre- 
sponding levels of CGT obtained when CG was 
injected. When tested for antimalarial activity 
via the same route, however, CG was found to be 
two to four times more active than CGT,!° and 
our more recent studies confirm these findings.” 

It is difficult to test the above hypothesis that 
the antimalarial activity of CG is due to con- 
version to CGT when the compounds are ad- 
ministered orally because there appear to be 


sizable differences in the degree to which CG and 
CGT are absorbed from the gut.” It may be that 
poor absorption after oral administration ex- 
plains in part the lower activity of CGT when 
both compounds are given by this route. How- 
ever, when both compounds are administered 
intramuscularly to achieve equally good ab- 
sorption, CG is clearly more active than its so- 
called active metabolite, CGT.’ % This suggests 
strongly that the superior antimalarial activity 
of CG must in part be due to inherent activity of 
the parent drug itself. 

One strong criticism of this latter explanation 
is the finding by several authors that CG is 
almost devoid of antimalarial activity in 
vitro.!:2»4 Nevertheless, the results obtained 
with CG in the present paper and with its ethyl 
and n-propyl analogs in a subsequent paper 
make it difficult if not impossible to account for 
all the antimalarial activity of these compounds 
solely on the basis of the formation of an active 
triazine derivative from an inactive parent com- 
pound. This leads to the conclusion that a very 





702 


significant part of the antimalarial activity 
resides in the parent compound. 


SUMMARY 


The metabolism of chlorguanide (CG) and 
chlorguanide triazine (CGT) has been investi- 
gated following intramuscular and intravenous 
administration of CG and CGT to monkeys and 
oral administration of CG to monkeys and man. 
In confirmation of earlier investigations in this 
Institute, it has been found that in both species 
CG is metabolized to CGT and to the free amine, 
p-chlorophenylbiguanide (PBG). These two 
derivatives and the parent drug were the only 
p-chloroaniline (PCA)-containing metabolites 
which could be detected in urine of either man or 
monkey. 

In the monkey 60 to 80% of CG injected intra- 
venously or intramuscularly was recovered in the 
urine as total PCA-containing metabolites; about 
one-third of this urinary PCA was CGT. In man 
the recovery of total PCA in urine after oral 
administration of CG ranged from 56 to 66%; 
of this about 60% was CG, 30% was CGT, and 
the remainder PBG. 

Studies in monkeys indicated that serum 
levels of total metabolites (total PCA) after in- 
tramuscular or of CG 
quickly reached a peak and then fell rapidly for 
1 to 2 hours. During the next 2 to 6 hours the 


intravenous injection 


concentrations of total PCA-containing materials 
in serum either did not change or showed a slight 
increase; this rather abrupt change in slope coin- 
cided temporally with the appearance of signifi- 
cant amounts of CGT and possibly PBG in the 
blood stream. The subsequent die-away curves 
for total PCA were quite flat when compared to 
the earlier portions of the curves. Similar results 


were obtained when CG was administered orally 


except that with slower absorption from the 
gastrointestinal tract the peculiar changes in 
slope coincidental with CGT elaboration ap- 
peared somewhat later, usually from 3 to 5 hours 
after drug administration. Also the proportion of 
CGT to total PCA in the blood stream was much 
larger in this case, suggesting that greater con- 
version of CG to CGT occurs when the drug is 
given orally and must first pass through the liver. 

When CGT was administered to monkeys, the 
serum levels fell rapidly for 2 to 4 hours and then 
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dropped more slowly. As a result, the serum levels 
of CGT during the period from 4 hours to 24 
hours after drug administration were similar 
whether CG or an equal amount of CGT had 
been administered. In no instance did the levels 
of CGT derived from CG exceed those obtained 
when an equal amount of CGT had been given. 
These findings suggest that the superior activity 
of CG compared to CGT against primate malarias 
must be attributed in part to antimalarial ac- 
tivity inherent in the parent drug. 
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STUDIES ON THE GROWTH REQUIREMENTS OF ENTAMOEBA 
HISTOLYTICA 


VII. Srupies ON THE ALTERED BacreriAu Structures FoRMED IN THE SHAFFER-FRYE 
AND Re.atep MeEpIA witH A FLUOROCHROME Dyr AND LysozYME* 


ARNOLD ZWEIG anp JAMES G. SHAFFERf 


Department of Microbiology and Public Health, The Chicago Medical School, Chicago, Illinois, and the 
Lutheran General Hospital, Park Ridge, Illinois 


Several media have been described for the 
propagation of Entamoeba histolytica in vitro. 
Three of these have been the Shaffer-Frye 
(SF),! modified Shaffer-Frye (MSF),? and the 
cysteine-lactalbumin-glucose (CLG).* In each 
of these media the amebae are cultured mono- 
zenically with a gram-negative anaerobic bacillus, 
belonging to the genus Bacteroides, originally 
described by Shaffer and Frye.' Evidence has 
indicated that the critical factors essential for 
the growth of the amebae reside within or upon 
the bacterial cell in these media. Shaffer, Schuler 
and Key‘ showed that the bacteria used in the 
SF medium produced a structure, called a round 
body, under the influence of the penicillin G 
routinely used in this medium. Their studies 
indicated a direct correlation between the pro- 
duction of round bodies and the ability of cer- 
tain variants of the bacillus to support propa- 
gation of EZ. histolytica. Aside from the fact that 
the round body was produced by the bacterial 
cell under the described conditions, and that 
these structures were ingested by the trophozo- 
ites, little else was known concerning their 
nature. Questions arose as to the role of the 
round bodies when it was found by Meleney 
that the culture used by Reeves et al.2 in the 
MSF medium did not produce round bodies, 
in spite of the fact that it supported excellent 
propagation of EZ. histolytica. It was also shown 
that in the MSF medium entire bacterial cells 
were ingested by the trophozoites. This would 
seem to indicate that, in this medium, the ame- 
bae could obtain the factor or factors necessary 
for propagation from the bacterial cells. In a 

* Aided by a research grant (E-499) from the 
National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, U. 8. 
Public Health Service. 

+ Present address: The Lutheran General 


Hospital, 1775 Dempster Street, Park Ridge, 
Illinois. 


subsequent paper by Shaffer and Key,* it was 
shown that this difference in observations was 
due to differences in the bacterial cultures. It 
was thought that perhaps a better understanding 
of these phenomena might be gained if more 
were known about the nature of the altered bac- 
terial structure (the round body). One of the 
possibilities, based on a number of unpublished 
observations, was that the nucleic acid content 
of the round body might be important as a 
growth factor for the amebae. Armstrong® has 
described a procedure where acridine orange 
(2-8 bisdimethylamino-acridine), a fluorochrome 
dye, is used as a differential stain for DNA 
(desoxyribonucleic acid) and RNA (ribonucleic 
acid) in fixed tissue preparations. Rothstein’ 
has described the use of acridine orange as a vital 
stain for blood parasites. 

By a combination of the techniques of Roth- 
stein and Armstrong, this dye has been used as a 
vital stain for the amebae, the bacterial cells, 
and the round bodies. The resulting observations 
are the subject of this report. 


OBSERVATIONS 


Use of Acridine Orange to Stain the Amebae, 
Bacteria and Round Bodies 


Materials and methods. A stock solution was 
prepared by dissolving the acridine orange (Na- 
tional Aniline Co.) in a concentration of 1:200 
in Walpole’s sodium acetate buffer solution at 
pH 3.7 with an acetate concentration of .2 N. 
This was stored in the dark at room tempera- 
ture. When a culture was to be observed, the dye 
was added directly to the culture tube to bring 
the final concentration to 1:8,000. A drop of this 
stained preparation was placed on a glass slide 
for observation. If the culture contained amebae, 
the dye was added and the culture was centri- 
fuged for 10 minutes at 1,000 rpm to concen- 
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trate the amebae. A capillary pipette was then 
used to draw up the amebae from the bottom of 
the tube, and a drop was sealed under a cover 
slip. In these preparations the trophozoites 
could be readily seen and studied while still 
motile. 

An American Optical microscope with a dark- 
field condenser was used. The source of activating 
light was a high pressure mercury vapor lamp, 
with a #5113 exciter filter. The microscope was 
equipped with a Wratten G barrier filter (East- 
man Kodak). Observations were made under oil 
immersion. The fluorescence persisted for about 
1 minute. After that, the preparation began to 
fade, and the slide had to be moved to bring a 
new field into view. 

The SF and MSF media were prepared in 
the prescribed manner.':? Duplicate sets were 
made, one of which was inoculated with amebae. 
With the above staining technique, observations 
were made at intervals from 3 to 96 hours. In all 
experiments described here, the K9 strain* of EZ. 
histolytica was used. Similar observations have 
indicated that other large race strains of E. 
histolytica behave in like manner under the con- 
ditions of this experiment. 

Results. With the SF medium, round bodies 
were seen as described by Shaffer et al.‘ These 
structures were apparently in all stages of de- 
velopment, attached to the bacterial cell, in 
the medium without the adjoining cell, as well 
as within the amebae. When stained with the 
acridine orange stain, the round bodies exhibited 
a definite pattern of fluorescence. It was, when 
first formed, a tiny, red fluorescing structure 
about one-fourth the size of the bacterial cell. 
As the round body became detached from the 
bacterial cell, it increased in size, and green 
fluorescence was seen in its center, with tiny 
oblong red fluorescing particles along its inner 
wall. Over a period of 24 to 48 hours, a greenish 
crescent-shaped structure was seen inside the 
round body. During the next 24 to 48 hours, the 
crescent-shaped structure persisted, but the red 
particles disappeared. At this point the round 
bodies had a diameter about 4 or 5 times greater 
than that of the original as it first appeared 
adjacent to the bacterial cell. By 96 hours, none 
of the bodies exhibited any red fluorescence. At 

* The K9 strain was obtained from Dr. M. M. 
Brooke of the Communicable Disease Center, 


Public Health Service. It was brought from Korea 
in 1951 by Dr. W. W. Frye. 
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this point, the medium had lost much of its 
ability to support propagation of the amebae. 

Amebae were frequently seen ingesting round 
bodies. Most of the round bodies seen within 
the amebae were without red fluorescence, al- 
though those outside the amebae still exhibited 
the red fluorescence. 

When the MSF medium was studied, it was 
found that during the first 36 hours of incubation, 
few, if any, round bodies were evident. In this 
period the amebae ingested entire bacterial cells 
as previously described by Shaffer and Key.$ 
Their observations, however, were not carried 
beyond 24 hours. This was due to an assumption 
that, since in SF medium with the S1 culture of 
Shaffer and Key round bodies began to form 8 
to 10 hours after incubation in the MSF medium, 
with the culture of Reeves et al.* the bacteria 
would behave similarly ; that is, if no round bodies 
were formed by 24 hours, none would form at all. 
In the present experiments the period of observa- 
tion was extended and as the culture approached 
48 hours of incubation round bodies began to 
appear. After 48 hours there were considerable 
numbers of round bodies and amebae stained in 
the same pattern seen in the SF medium with 
the S1 culture at earlier incubation hours. By 
72 to 96 hours, almost all the bacterial cells 
had produced round bodies. At this point the 
number of amebae per milliliter was also greatest, 
there being from 10,000 to 18,000 amebae per 
ml. At 48 hours the counts were routinely 3,000 
to 5,000 per ml. 


Formation of Protoplasts by an Accepted Technique 
and Comparison with the Round Bodies 


It has for some time been suspected that the 
structures referred to above as round bodies are 
actually bacterial protoplasts. It was thought 
that, if protoplasts could be produced in the 
bacterial cultures by accepted techniques, they 
might then be compared with the round bodies 
induced by penicillin G, and this might then 
indicate whether or not the round bodies were 
indeed protoplasts. One of the known methods 
of inducing protoplast formation in some species 
of bacteria is the addition of the enzyme, lyso- 
zyme, to a culture of bacteria. 

Materials and methods. Three strains of the 
gram-negative anaerobic bacillus were used. 
They were those referred to by Shaffer and 
Key® as S1, 85, and LSU. The bacteria were 
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cultured in fluid thioglycolate medium (BBL, 
no. 136 C), the thiomalic acid medium of Reeves 
et al.2 (BBL, no. 01-547), and the CLG* medium. 
Lysozyme (Nutritional Biochemical Co.) was 
added to 24-hour cultures of the bacteria to give 
a concentration of 0.03 to 0.05%. The cultures 
were examined after 1, 3, 6, 9, and 24 hours of 
incubation at 37°C, with the acridine orange 
staining technique used as described before. 
Results. Within 3 hours, most, if not all, of the 
cells of the lysozyme treated cultures had pro- 
duced protoplasts without regard to the medium 
being used. The staining characteristics and the 
development of the protoplast were exactly the 
same as those of the round body in every respect 
except that the formation of the structures oc- 
curred more rapidly with the lysozyme. In fact, 
with penicillin alone, the S5 culture failed to 
produce any appreciable number of round bodies; 
the LSU culture took 48 hours and the S1 culture, 
8 to 10 hours, before round bodies were visible. 
As the protoplast increased in age, its pattern 
of fluorescence underwent the same changes as 
those described above for the round body. 


Propagation of E. histolytica in Medium 
Containing Lysozyme 


Since in the routine MSF culture round body 
production is minimal during the first 36 hours 
of incubation, if a correlation exists between the 
number of round bodies and the propagation of 
the amebae, then increasing the number of round 
bodies produced during the early hours of growth 
should increase the number of amebae during 
these hours. As all indications are that the round 
bodies are protoplasts, then the early induction 
of protoplasts by lysozyme might change the 
growth curve of the amebae. 

Materials and methods. Simultaneously with 
the introduction of a standard inoculum of the K9 
strain of E. histolytica into routine MSF medium, 
lysozyme was added in a concentration similar to 
that used to produce protoplasts as described 
above. At the same time, duplicate cultures were 
made without lysozyme. Growth curves were 
worked out by determining with a spinal fluid 
counting chamber the number of amebae per 
milliliter, at intervals from 3 to 96 hours. Each 
point on the growth curve was determined by 
counting four chambers on each of duplicate 
cultures and using the average for the calculation 
of the number of amebae per milliliter. The ex- 
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3% 46 60 72 64 96 
TIME IN HOURS 
Fig. 1. Growth curves of the K-9 strain of En- 
tamoeba histolytica in modified Shaffer-Frye 
(MSF) medium, with and without .03 to .05% 
lysozyme. Arithmetic scale. 


periments were repeated on two occasions and 
the average plotted on a graph. 

Results. As revealed by the graph shown in 
Figure 1, in the routine MSF medium without 
lysozyme as used here, there was a rather con- 
stant increase in the number of amebae over the 
entire 96 hours of incubation. The curve was 
considerably altered by the addition of lysozyme 
to the medium. Here the number of amebae per 
milliliter reached a peak of nearly 27,000 by 48 
hours. After this, the number gradually de- 
creased until at 96 hours there were 15,000 per 
ml. When the cultures were stained with acridine 
orange, protoplasts were seen inside the amebae 
as well as in the medium. After 24 hours, few, if 
any, bacterial cells were seen. 

Since the above observations indicated that 
there might be some relationship between proto- 
plast production and propagation of E. histolytica, 
attention was directed towards the S5 culture. 
This culture has failed to produce any appreci- 
able number of protoplasts in the SF medium and 
does not support propagation of E. histolytica. 
However, as pointed out previously, when 
lysozyme was added to cultures of this organism, 
large numbers of protoplasts were produced. 
These protoplasts were found to have the same 
staining characteristics and pattern of develop- 
ment as those produced by the S1 and the LSU 
strains which have thus far been able to support 
propagation of the amebae. It was, thus, of in- 
terest to see whether or not lysozyme-treated S85 
bacilli would support propagation of E. his- 
tolytica. 
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With S5 bacillus, substituted for the S1, the 
SF medium was prepared and concentrations of 
lysozyme similar to that used previously were 
added. No amebae were seen beyond the second 
48-hour transplant. Thus, even though charac- 
teristic protoplasts were seen in great numbers, 
propagation of the amebae could not be main- 
tained. 


Propagation of E. histolytica in Medium 
with RNA Added 


As mentioned before, some evidence exists 
which indicates the possibility that RNA is a 
growth factor for the amebae in the SF and re- 
lated media. It will be recalled that, as the age 
of the protoplasts increased, the red fluorescence 
gradually disappeared. Furthermore, it was ob- 
served that most of the protoplasts within the 
amebae lost their red fluorescence more rapidly 
than did the undigested protoplasts. Workers 
with acridine orange have described the red 
fluorescence as areas of concentrated RNA. 


Propagation of the amebae with and without the 

addition of RNA to the medium was studied. 
Materials and methods. A modification of the 

CLG medium was used in these experiments. 


This modification substituted a known vitamin 
mixture for the yeast extract formerly used in 
the medium. It is referred to here as CLVG. 
CLVG had been used for several months in the 
maintenance of the K9 strain of E. histolytica. 
To each tube of the medium (3.8 ml) was added 
1 mg of RNA (Nutritional Biochemical Co.), 
since preliminary experiments indicated that 
this was the optimal amount. With standard 
inocula, growth curves were worked out for the 
routine CLVG medium and for the CLVG with 
RNA added. 

Results. The growth curves shown in Figure 2 
indicate that the addition of RNA to the CLVG 
medium considerably enhanced the propagation 
of E. histolytica. 


DISCUSSION 


These observations present evidence which 
indicates that those structures, referred to previ- 
ously as “altered bacterial structures” or “round 
bodies” formed by the Bacteroides as a result of 
the presence of penicillin G in the SF medium, 
are, in all probability, protoplasts. If the red 
fluorescence that results from staining with 
acridine orange under the conditions described is 


AMOEBAE /ML. 








60 72 64 96 


TIME IN HOURS 


Fic. 2. Growth curves of the K-9 strain of En- 
tamoeba histolytica in the cysteine-lactalbumin- 
vitamin-glucose (CLVG) medium, with and 
without the addition of RNA. Arithmetic scale 


indicative of RNA, then it would appear that, at 
first, the protoplast contains a considerable pro- 
portion of this substance. As the protoplast en- 
larges, this material is evidently either diluted or 
altered, so that it no longer can be demonstrated. 
The apparently more rapid disappearance of this 
material in those protoplasts ingested by the 
amebae would seem to indicate that RNA is one 
of the materials obtained by the amebae from the 
protoplasts. The further observation that addi- 
tion of RNA to the CLVG medium increases 
propagation of the amebae lends more support 
to the belief that this substance is an important 
factor. 

The results of the experiments with lysozyme 
in the MSF medium present further evidence of 
the importance of the protoplast in the propaga- 
tion of E. histolytica in SF type media. The ex- 
periments with culture 85, however, indicate 
that not just any protoplast is sufficient. 

As a result of the experiments which showed 
that addition of lysozyme stimulated rapid proto- 
plast production, and altered the growth curve in 
the MSF medium, it was considered possible that 
the contribution of the normal horse serum in 
these media was the lysozyme contained in it. 
However, removal of the horse serum from these 
media and substitution of lysozyme failed to 
support propagation of EZ. histolytica, Another 
experiment was done in which RNA was sub- 
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stituted for the bacterial cells in the CLVG 
medium. No propagation of the amebae occurred. 
Thus, the function of the normal horse serum is 
not solely, at least, to supply lysozyme and the 
function of the protoplast is not solely to supply 
RNA. Other factors appear to be involved in the 
propagation of EZ. histolytica. 


SUMMARY 


Acridine orange was used to stain the gram- 
negative anaerobic bacilli (Bacteroides), the round 
bodies and the amebae in the SF, MSF, CLG, 
and CLVG media. Evidence was found which 
indicates the round bodies are actually proto- 
plasts. 

The protoplasts, when first formed, exhibited 
a red fluorescence on staining with acridine 
orange. As they enlarged, this material was 
localized as beads around the periphery. After 
24 to 48 hours, all red fluorescence disappeared. 
When the protoplasts were ingested by tropho- 
zoites of Entamoeba histolytica, the red fluores- 
cence disappeared more rapidly. It is suggested 
that this red fluorescence is indicative of the 
presence of RNA. 

The use of lysozyme to speed up production of 
protoplasts resulted in more rapid propagation of 
the amebae. This was interpreted as evidence of 
the importance of srotoplasts in the propagation 
of EZ. histolytica in SF type media. However, when 
culture 85, which does not support propagation 
of E. histolytica in the SF medium, was induced 
to produce protoplasts by using lysozyme, it 
still did not support propagation of the amebae. 


ZWEIG AND SHAFFER 


As a follow-up on the observations of the dis- 
appearance of the red fluorescence from the 
protoplasts, commercial RNA was added to E. 
histolytica cultures in a modified CLG medium. 
This resulted in a definite enhancement of propa- 
gation. 
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FIRST REPORT OF A FOCUS OF SCHISTOSOMIASIS IN LEBANON 
J. E. AZAR, GEORGE W. LUTTERMOSER anp JOHN F. SCHACHER 


Department of Tropical Health, American University of Beirut, Lebanon 


Schistosomiasis, an infection of high prevalence 
in many of the countries of this region, has at no 
time previously been reported in the indigenous 
Lebanese population.' The first case (K.S., AUH 
163175) to come to our attention was a native 
Lebanese boy from the village of Sarafand, South 
Lebanon.? He was seen early in 1961 by members 
of the stafis of the Departments of Medicine and 
of Surgery, American University Hospital. 

The purpose of this communication is to report 
on the prevalence of authochthonous infections 
in a focus located in the southern part of Lebanon. 


OBSERVATIONS 


Early in April, 1961, a field study was begun 
in the village of Sarafand. This village, with a 
population of approximately 3,000 persons, is 
located nearly midway between Sidon (Saida) 
and Tyre (Sur), about 50 km south of Beirut 
(Figure 1). 

Single urine specimens were collected at 
random from 591 indigenous residents. Of these 
specimens, 171 were from children from two 
schools; the remainder were obtained by house- 
to-house sampling, which was undertaken to 
facilitate collections from adults and children not 
in school. 

Of the over-all sample, 86 (14.6%) were posi- 
tive for Schistosoma haematobium eggs. The age 
distribution of infection was as follows: 0 to 9 
years, 22/242 (9.1%); 10 to 19 years, 50/150 
(33.3%); 20 to 29 years, 10/63 (15.9%); and 
30 and above, 4/136 (2.9%). In our sample a 
higher rate of incidence was found in males. In 
this first sample, 6 additional specimens contained 
microscopically demonstrable blood, but no eggs 
were found. 

A concise clinical statement was obtained from 
44 persons (38 males, 6 females) whose urine 
specimens were positive. Similarly, each indi- 
vidual of the above group was questioned at 
length with regard to his or her place of birth 
and domicile, place of birth and residence of 
parents, travel outside Lebanon, and possible 
exposure to surface water. Urine examination was 
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repeated on these 44 persons; 37 were found 
passing eggs. 

Of the above 44 persons, 30 males (68%) com- 
plained of terminal hematuria. In 12, this con- 
dition was of less than 1 year’s duration, while in 
17 it was observed for a period of between 1 and 
3 years. The remaining individual was an elderly 
male (65 years) who gave a complaint of first 
having observed hematuria at the end of mictu- 
rition 6 or 7 years previously. The last time he 
saw blood was 4 months before the survey. Of the 
above 30 males, 25 were between the ages of 5 
and 15 years. Only 3 persons had been seen by 
local practitiv +s in their area in regard to this 
symptom; neivner the diagnosis nor the nature of 
their treatment had been made clear to them. 

All of the above 44 persons were born in the 
village of Sarafand. In only a few instances were 
their parents born elsewhere. Except for the 
elderly male mentioned above, none of the in- 
fected had lived outside of his or her birthplace 
or had traveled elsewhere. 

The present investigation showed that there 
are two chief sources of surface water for the use 
of this village. One is a small spring located at 
the base of the hill, atop which most of the popu- 
lation lives. The second is the main canal of the 
Kasmiye-Litani irrigation project (shaded area, 
Figure 1), which bisects the village in a north- 
south direction, running parallel to the coast 
between the hilltop sector of Sarafand and the 
Beirut-Tyre highway; houses are scattered along 
both the road and the canal. This canal is 
cement-lined and well-constructed, and during 
the present time of high water has a rapid rate 
of flow for most of its length. 

Examination of the spring gave no indication 
that it would afford a suitable habitat for snails. 
Numerous shells which have been identified as 
those of Bulinus (Bulinus) truncatus Audouin 
were found in sediment which had been removed 
from the canal at several points along its length 
of some 35 km. No living Bulinus were found in 
either the Kasmiye Canal or in the Litani River 
below the point of the canal intake during 6 days 
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Fie. 1. Map of Lebanon showing the endemic 
focus (Sarafand) so far demonstrated and the 
area (stippled) covered by the Kasmiye-Litani 
irrigation project. 


of collection. Likewise none were found in the 
earth-lined tributaries of the canal which are 
alternately flooded and dried. Living snails of 
other types—Thiara (Melanoides) tuberculata, 
Melanopsis praerosa Linnaeus, Neritina jordani 
Sowerby, Lymnaea auricularia Linnaeus, and 
Physa acuta—were recovered in collections from 
various points along the main canal. 


DISCUSSION 


As indicated by the short history of hematuria 
given by most of the infected persons questioned, 
it appears that S. haematobium has been recently 
introduced into the study area. It is likely that 
the disruption of infected populations in the 
Middle East during the last two decades with 
their subsequent resettlement in previously un- 
infected areas has favored such introduction. 

The fact that physicians have not hitherto 
reported vesical schistosomiasis in the indigenous 


population might tend to support a conclusion 
that this disease is of short duration in Lebanon. 
However, as seen in this study, the people of 
this area are not overly prone to seek medical 
care of a condition which may not be accompanied 
by pain. 

The principle support for the view that S. 
haematobium probably was recently introduced 
stems from the fact that the Kasmiye-Litani 
Canal has been operating in that area since about 
1953, and is now probably the chief source of 
fresh water for the people living along its banks. 
Abdel Azim and Gismann* reported finding B. 
truncatus in 1950-51 in four foci in Lebanon, 
including the mouth of the Litani River itself. 
It is probable that in this area, as in so many 
others, the opening of irrigation projects has 
favored the spread of schistosomiasis by creating 
favorable habitats and vehicles for the snail 
intermediate host. 

Although on the basis of the finding of shells 
of B. truncatus it might be suspected that this 
snail acts as the intermediate host in this area, 
it is being kept in mind that other snails might 
act in this capacity. A probable reason for the 
failure to collect living Bulinus could be attribu- 
ted to the circumstances under which our survey 
was conducted. 

The finding of schistosomiasis in Lebanon 
becomes more important in the light of the 
present and projected irrigation schemes in this 
country. Although our studies have so far been 
limited to one village, there is a good chance 
that the infection exists throughout the irrigated 
area (Figure 1). 

In view of the residential history of the study 
group, it is difficult to conceive of these infections 
as being other than of an authochthonous nature. 


SUMMARY 


A focus of Schistosoma haematobium infection 
is reported for the first time from Lebanon. 
Examination of single urine samples from 591 
persons gave an infection rate of 14.6%. 

Evidence suggests the recent introduction of 
this disease and its spread along an irrigation 
canal system in the southern region of this 
country. Shells of Bulinus (Bulinus) truncatus 
Audouin have been found in sediment removed 
from the canal, but no live snails of this genus 
have yet been recovered. 
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The importance of schistosomiasis in this 
country with its extensive irrigation development 
plans is emphasized. 
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THE PROPHYLACTIC EFFECT OF TOPICALLY APPLIED CEDARWOOD 
OIL ON INFECTION WITH SCHISTOSOMA MANSONI IN MICE* 


W. C. CAMPBELL anp A. C. CUCKLER 


Merck Institute for Therapeutic Research, Rahway, New Jersey 


Research on schistosomiasis in our laboratory 
was recently brought almost to a standstill as a 
result of repeated failure to produce infections of 
Schistosoma mansoni in mice. Efforts were made 
to determine the cause of this failure, and it was 
eventually discovered that the difficulty had 
arisen when the bedding used in the mouse colony 
had been changed from white pine shavings to 
cedar Repeated experiments have 
shown that mice maintained for only one week on 
a bedding of cedar shavings are completely re- 
fractory to percutaneous infection with S. man- 
soni, though still susceptible to infection by the 
intraperitoneal route. In view of the interest 
which has been expressed in the development of 
ointments for protection against schistosome in- 
fections, further experiments on the prophylactic 
efficacy of cedarwood were conducted. 


shavings. 


MATERIALS AND METHODS 


All experiments were conducted with a labora- 
tory strain of S. mansoni, of Puerto Rican origin, 
using the albino mouse as host. Cedarwood shav- 
ings used in the preliminary studies were a com- 
mercial bedding of ‘“‘genuine Tennessee aromatic 
red cedar’ (Supercedar Kennel Bedding; Geo. C. 
Brown & Co., Greensboro, North Carolina). Two 
types of commercial cedarwood oil were used. 
One was the familiar viscous, yellow oil used in 
microscopy, while the other was nonviscous and 
colorless. Mice were restrained in plastic tubes 
and exposed by immersing the tail in a cercarial 
suspension for 1 hour. The suspension always 
contained at least 100 cercariae per ml. Mice were 
treated by either dipping their tails in the test 
solution, or by coating their tails with a lanolin 
ointment containing the test substance. Oint- 
ments were mixed by hand. The excess ointment 
was wiped off with a damp cloth, but no particu- 
lar attempt was made to rub the ointment into 
the skin. All experiments included untreated con- 
trols (not listed in Table 1) and were repeated at 

*Presented at the annual meeting of the 


American Society of Tropical Medicine and 
Hygiene held in Los Angeles, November, 1960. 
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least once. Experimental groups generally con- 
sisted of 5 to 10 mice, though in some cases the 
untreated control, and ether-control, groups con- 
tained 25 to 30 mice. 

The efficacy of treatment was determined by 
gross examination of the livers of the mice at au- 
topsy, 8 weeks after exposure. The density of the 
surface lesions was recorded for each mouse ac- 
cording to an arbitrary scoring system. Where the 
lesions were less plentiful than in the controls, the 
difference in mean lesion score was expressed as a 
percentage of the mean control score, and referred 
to as the “‘per cent suppression” of lesions. There 
was no evidence that cedarwood inhibited the 
reproduction of adult schistosomes and therefore 
100% reduction in lesions can be considered indic- 
ative of a total absence of schistosomes. Where 
there was only partial suppression of lesions, liv- 


ing worms could be observed readily in the portal 
and mesenteric veins, and no attempt was made 
to count them. 


To test the ability of a test material to with- 
stand washing, mice were restrained in plastic 
tubes fitted with wire baskets on one end. Re- 
strained vertically in this manner, a mouse’s tail 
could be kept continuously immersed in running 
water, but the mouse could not lick the treated 
tail skin. 


RESULTS 
Cedarwood 


Ether solutions containing as little as 1% yel- 
low cedarwood oil gave complete protection 
against S. mansoni infection for 4 hours. A 50% 
solution was fully effective even after 3 days, but 
not after 5 days. Viscous undiluted linseed oil 
gave no protection, indicating that the protective 
action of cedarwood is not due merely to a physi- 
cal oil barrier. These results are summarized in 
Table 1, which presents data compiled from sev- 
eral experiments. Groups 1 through 4 served as 
controls. Since no protection was demonstrable 
4 hours after application, they were not tested at 
longer intervals. The colorless, nonviscous, cedar- 





SCHISTOSOMIASIS PROPHYLAXIS WITH CEDARWOOD OIL 


TABLE 1 
Per cent suppression of hepatic lesions in mice 
treated topically at various time intervals prior to 
percutaneous exposure to Schistosoma mansoni 





Interval between treatment 
and exposure (hours) 
Treatment 





| 
| 
| 
| 





Ether 
100% linseed oil 

50% linseed oil in ether 
0.1% cedar oil in ether 
1% cedar oil in ether 
2% cedar oil in ether 
10% cedar oil in ether | 100 

20% cedar oil in ether 100 | 75 | 75 


50% cedar oil in ether 100 | 100 100 


| 








wood oil proved to have no protective action, even 
when applied, undiluted, 3 to 4 hours before 
exposure; this oil was not used in subsequent ex- 
periments. 

A 2% solution of cedarwood oil in ethanol was 
also fully effective after 4 hours, and a 1% solu- 
tion gave a large measure of protection for this 
period. Alcoholic lotions, however, did not possess 
the long-lasting property of ether solutions. After 
24 hours, even 20% cedarwood oil in alcohol did 
not provide an appreciable measure of protection. 

Lanolin ointments containing cedarwood oil 
were less satisfactory than the lotions in protect- 
ing mice against infection. An ointment contain- 
ing 20% cedarwood oil provided 100% protection 
when tested 3 hours after application, but oint- 
ments containing 1% and 5% provided 0% and 
50% protection, respectively. This may reflect 
inadequate mixing of the ointments, or may re- 
sult from merely coating the skin with the oint- 
ments instead of impregnating the skin with it. 
By comparison, the per cent suppression obtained 
with “straight’’ lanolin, 1% hexachlorophene and 
10% bithionol was 25%, 100% and 100%, re- 
spectively. These results are in agreement with 
the findings of Hunter e¢ al.,! who found that 
lanolin itself had a slight protective effect and 
that 1% hexachlorophene or 10% bithionol (Ac- 
tamer®) provided complete protection, after im- 
mersion in water for 4 hours. 

Effect of washing. Mice which had had their 
tails dipped in ether lotions containing 20% 
cedarwood oil, and had then been washed for 4 
hours in running water, remained completely 
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resistant to infection through the tail. On the 
other hand ointments containing 20% cedarwood 
oil were apparently removed by this washing pro- 
cedure. Treatment with such ointments was 
100 % effective if the tails were unwashed, but was 
completely ineffective after washing. 

Direct observations on cercariae. If shavings of 
cedarwood were dropped into a suspension of cer- 
cariae of S. mansoni, the cercariae were promptly 
killed. (This was true also of pine shavings, but 
mice bedded in pine shavings did not resist per- 
cutaneous infection.) Water in which cedar shav- 
ings had steeped overnight was rapidly lethal to 
cercariae, as also was water which had been al- 
lowed to stand overnight in contact with com- 
mercial cedarwood oil. 

When cercariae were poured into a dish, the 
bottom of which had been lightly smeared with 
commercial cedarwood oil, the cercariae died 
within 5 minutes. Cercariae similarly exposed to 
smears of ointment containing 20% cedarwood oil 
in a lanolin base died within 30 minutes. Cercariae 
exposed to control smears of lanolin were still 
swimming actively after 1.5 hours, though they 
were dead within 17 hours. 

In an effort to observe directly the response of 
cercariae to skin treated with cedarwood oil, the 
abdomens of mice were shaved and swabbed with 
10% cedarwood oil in ether. After 24 hours the 
mice were anesthetized and arranged with their 
abdomens immersed in a suspension of cercariae. 
Within 1 hour the cercariae had dropped to the 
bottom, where they remained twitching abnor- 
mally for several hours. Treatment of mouse tails 
with 10% cedarwood oil (in alcohol or ether), fol- 
lowed by 1 hour of washing in running water and 
2 hours of drying, produced similar results when 
the tails were immersed in cercarial suspensions. 


Other Plant Products 


Undiluted East Indian sandalwood oil, under 
experimental conditions similar to those described 
above, provided complete protection against S. 
mansoni for at least 3 days. A 50% solution in 
ether was fully effective for 2 days but not for 3 
days. 

A 10% solution of clove oil in ether gave 100% 
protection after 4 hours, but not after 24 hours. A 
1% solution was ineffective 4 hours after applica- 
tion. 

Undiluted pine-needle oil was fully protective 
4 hours after application; the protection provided 
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by a 10% solution, after the same interval, was 
almost complete. 

No protection was provided by application of 
undiluted wormwood oil, 4 hours before exposure. 


DISCUSSION 


The prophylactic action of topical cedarwood 
treatment is not clearly understood, but there is 
evidence to suggest that cedarwood oil can act 
both as a repellent and as a larvicide. Where the 
oil is deposited on the skin surface, the diffusion 
of an active principle from the surface to the 
water provides a repellent barrier to cercariae. 
The long-lasting effect of ether preparations, and 
their resistance to washing, suggests that an 
active principle is carried into the skin by the 
ether, possibly being deposited in the underlying 
fat. In this case it is likely that, even if the active 
agent is washed from the skin surface, the cer- 
cariae are killed upon penetration of the skin. 
Histological examination is required to confirm 
this hypothesis. It seems unlikely that cedarwood 
preparations possess any systemic efficacy. No 
therapeutic or prophylactic effect against schisto- 
somiasis mansoni could be demonstrated when 
mice were fed diets containing 13% finely ground 
cedarwood shavings; nor could any therapeutic 
effect be obtained by parenteral administration 
of aqueous extracts of cedarwood shavings. 

Since prophylaxis against cercarial penetration 
has been produced by plant oils other than cedar- 
wood oil, it is possible that the protection is due, 
not to specific antischistosome chemical factors, 
but to physical properties common to several oils. 
Two of the inactive oils, wormwood oil and the 
thin, colorless cedarwood oil, were fast-drying 
oils, while the active oils were relatively slow- 
drying oils. On the other hand, a smear of linseed 
oil requires several days to dry at room tempera- 
ture, and yet undiluted linseed oil provided no 
protection against schistosomiasis 4 hours after 
application. 

Direct comparison of the many protective sub- 
stances reported in the literature is difficult be- 
cause of the variety of test methods employed. 
Comparison becomes even less rewarding when 
the substances involved are “natural’’ products, 
containing unstandardized amounts of unidenti- 
fied active principles. Hunter et al.' were of the 
opinion that the ideal protective ointment should 
be effective for a minimum period of 4 hours, and 
reported a number of ointments which fulfilled 
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this requirement. Bauman et al.? reported that 
Abbott’s Insect Repellent Cream (E4856) gave 
complete protection against S. mansoni cercariae 
for 6 hours; protection was almost complete after 
12 hours, but was much reduced after longer in- 
tervals. The refractoriness of mice bedded on 
cedarwood shavings, and the 24-hour protection 
provided by a 10% lotion of cedarwood oil, sug- 
gests that there is in cedarwood an agent whose 
capacity for preventing the penetration of skin by 
cercariae of S. mansoni may well exceed that of 
the substances previously reported. 

Cushing? believed that oral administration of a 
drug which would kill cercariae after their pene- 
tration would be a more practicable means of pro- 
phylaxis than anointment of the skin. He found 
that extracts of Yucca leaves and Cucurbita foe- 
tidissima roots, as well as several other sub- 
stances, immobilized cercariae, in vitro, in dilu- 
tions of 1 to 20 million. 

It is clear that application of prophylactic ma- 
terials to the skin is impracticable as a means of 
controlling schistosomiasis on a large scale. How- 
ever, under certain limited circumstances the 
prophylaxis of schistosomiasis by treatment of the 
skin may be feasible. Assuming that suitable 
pharmaceutical formulations could be devised, 
cedarwood preparations would offer several ad- 
vantages, viz., (1) long period of protection, and 
resistance to washing; (2) ready availability, 
probably at low cost; and (3) aesthetic accepta- 
bility. The results reported herein further suggest 
that it may be possible to extract from cedarwood 
or other plant oils, an active agent useful in the 
prophylaxis of schistosomiasis. 


SUMMARY 


Mice maintained for 1 week on a bedding of 
cedarwood shavings were refractory to Schisto- 
soma mansoni infection when exposed by immers- 
ing their tails in a cercaria] suspension. 

Immersion of the tail in ether solutions contain- 
ing 1% cedarwood oil completely prevented infec- 
tion in mice exposed 4 hours later. A 50% solution 
of cedarwood oil in ether provided complete pro- 
tection for 3 days. The prophylactic efficacy of a 
20% cedarwood solution (in ether) was not im- 
paired by washing the treated skin in running 
water for 4 hours. 

East Indian sandalwood oil, clove oil and pine- 
needle oil have also been shown to possess prophy- 
lactic efficacy against S. mansoni. 
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INTRASPLENIC PRESSURE IN COARSE AND DIFFUSE 
BILHARZIAL HEPATIC FIBROSIS 


ERNEST BIBAWI 


Kasr El Aini Faculty of Medicine, Cairo University, Cairo, Egypt 


Two special forms of hepatic fibrosis are 
associated with Schistosoma mansoni infection, 
viz., & coarse or pipe-stem type and a fine or 
diffuse type. The actual role played by bilharzia 
in the production of hepatic fibrosis is a subject 
of great controversy. This condition has been 
variously ascribed to bilharzial toxin, to tissue 
reaction to the deposited eggs and to toxic ab- 
sorption from the intestinal lesion. In the pipe- 
stem type of fibrosis, there is marked thickening 
of the main and medium sized portal tracts by 
dense scar tissue. Between the thickened portal 
tracts, the liver substance shows normal architec- 
ture and a lobular pattern except in the late 
stages of the disease when fatty degeneration or 
necrosis affects the hepatic cells. In the fine or 
diffuse type of fibrosis, the fibrous thickening 
affects mainly the small portal tracts and there 
is intralobular fibrosis. Thin fibrous bands extend 
from these thickened tracts to meet similar 
extensions arising in neighboring small tracts, 
resulting in the enclosure of several hepatic 
lobules between the bands of scar tissue. The 
lobules show normal architecture and preserved 
pattern. The two forms of hepatic fibrosis may, 
however, co-exist. 

The aim of the present work is to study and 
compare the intrasplenic pressure and the mani- 
festations of portal hypertension in these two 
forms of hepatic fibrosis associated with S. 
mansont infection. 


MATERIALS AND METHODS 


One hundred and four patients with hepatic 
fibrosis associated with S. mansoni infection were 
examined; the diagnosis of the hepatic lesion and 
its type were established by examination of 
liver material obtained by liver biopsy. Seventy 
cases had pipe-stem or coarse periportal fibrosis 
and thirty-four had diffuse or fine fibrosis. The 
intrasplenic pressure was measured in all cases 
by the percutaneous method described by Atkin- 
son and Sherlock.' All patients had normal 
bleeding and coagulation times, blood platelet 
counts and plasma prothrombin concentrations. 
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The incidence of esophageal varices (roentgeno- 
logically demonstrated), hematemesis and ascites 
was recorded. 

For measuring the intrasplenic pressure, the 
patient was placed in the recumbent position 
with the left hand behind the head. The site of 
puncture was in the 9th intercostal space in the 
mid-axillary line; or, when the spleen was greatly 
enlarged, the needle was introduced subcostally 
directly into the spleen. The skin, subcutaneous 
tissues and muscles down to and including the 
capsule of the spleen were anesthetized with 2% 
procaine hydrochloride solution. A lumbar punc- 
ture needle, 7 cm long and 0.7 mm in outer 
diameter, was then introduced at this site, 
perpendicular to the skin surface, until the re- 
sistance of the spleen was felt. Thereafter, the 
patient was instructed to hold his breath and the 
needle was directed upwards and medially. After 
penetrating 2 cm into the spleen, the stylet was 
removed; if blood did not come out of it in drops, 
the needle was gently manipulated until blood 
could be seen dripping from it, indicating it was 
lying in one of the splenic sinusoids. It was then 
connected with a spinal fluid manometer con- 
taining oxalated isotonic saline by a length of 
polyethylene tubing, and the pressure recorded 
with the patient breathing quietly. The zero 
level was taken at a point 5 cm below the sternal 
angle with the patient supine. The position of 
the needle in the spleen was confirmed by sub- 
sequent injection of contrast medium for trans- 
splenic venography. 

The spleen consists mainly of red pulp which 
communicates freely with the intrasplenic portal 
venous radicles. The pulp pressure measured by 
the percutaneous method bears a close relation- 
ship to the portal venous pressure measured by 
other procedures and is normally 50 to 160 mm 
saline.'? The intrasplenic pressure exceeds the 
estimated portal pressure by 2 to 6 mm Hg.! 

Measurement of the intrasplenic pressure by 
the percutaneous route is a simple and safe 
procedure provided suitable cases are chosen and 
a strict aseptic technique is followed. It is 
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TABLE 1 


Intrasplenic pressure and incidence of hematemesis, esophageal varices and ascites in coarse and diffuse 
bilharzial hepatic fibrosis 





No. of cases showing 





No. 
Type of fibrosis of 
| cases 


Intrasplenic pressure (mm saline) 


Esophageal 





H i 
ematemesis warlens 


above 250 








_? 

70 | 8 (11%) | 12 (17%) 

34 | 6 (18%) | 14 (41%) 
| 


Pipe-stem | 
Diffuse 


50-160 160-200 | 
| 
| 
| 


14 (20%) 
6 (18%) 


36 (52%) 
8 (24%) 


12 (17%) 
4 (11%) 


22 (31%) 
6 (18%) 


25 (36%) 
7 (21%) 











Total | 104 | 14 (13%) | 26 (25%) | 20 (19%) | 44 (42%) | 16 (15%) 





28 (28%) | 32 (31%) 








contraindicated in the presence of jaundice, 
prolonged bleeding or coagulation time, low 
platelet count, low prothrombin concentration, 
splenic infection or skin infection at the site of 
puncture, recent infarction of the spleen which 
is then friable and liable to bleed, and splenic 
tenderness which denotes that the capsule is 
tense. It must be emphasized that a fine needle 
should be used and respiration restricted while 
it is in the spleen. Complications are rarely met 
with; they include intraperitoneal hemorrhage 
from tears in the splenic capsule, injury to intra- 
abdominal organs—especially the splenic flexure 
of the colon and the stomach, infection and 
jaundice. If the contrast material is injected 
into the peritoneal cavity, pain both local and 
referred to the left shoulder may occur but rarely 
lasts longer than an hour. None of these com- 
plications were recorded in the present study 
except pain which occurred on five occasions. 


RESULTS 


The intrasplenic pressure measurements were 
classified in the present study into four grades, 
viz., normal pressure (50 to 160 mm saline), 
slightly raised pressure (160 to 200 mm saline), 
moderately raised pressure (200 to 250 mm 
saline) and high pressure (above 250 mm saline). 

In patients with pipe-stem fibrosis (70 cases), 
the intrasplenic pressure was normal in 8 (11%), 
slightly raised in 12 (17%), moderately raised 
in 14 (20%) and high in 36 (52%). Hematemesis 
occurred in 12 (17%); varicose veins in the 
esophagus were radiologically demonstrated in 
22 (31%); and ascites occurred in 25 (36) 
(Table 1). 

In patients with diffuse hepatic fibrosis (34 
cases), the intrasplenic pressure was normal in 


6 (18%), slightly raised in 14 (41%), moderately 
raised in 6 (18%) and high in 8 (24%). Hema- 
temesis occurred in 4 (11%); esophageal varicose 
veins were roentgenologically demonstrated in 
6 (18%); and ascites occurred in 7 (21%) (Table 
1). In both coarse and fine fibrosis, hematemesis 
and esophageal varicosities were encountered 
only in patients with high intrasplenic pressure 
and ascites was associated in 80% of the cases 
with rise in intrasplenic pressure. 


DISCUSSION 


Approximately 75% of the blood flowing 
through the liver comes from the portal vein. 
This blood is not sufficiently oxygenated for the 
liver but is rich in nutrient materials absorbed 
from the intestine. The remaining 25% of the 
blood is derived from the hepatic artery, which 
furnishes, principally, oxygen and communicates 
with the portal venous system. As a result of the 
higher pressure in the hepatic artery, the flow 
of blood from the portal vein is resisted with a 
resulting increase in the portal pressure. Ar- 
terioportal anastomoses called the “valves of 
Gad” are normally present in the liver.*-* 

The characteristic morphological features of 
cirrhosis are (1) degeneration and necrosis of 
hepatic cells; (2) proliferation of connective 
tissue; and (3) nodular regeneration of hepatic 
cells.° These features, particularly nodular re- 
generation, influence hepatic circulation and 
portal hypertension considerably. For a long 
time, fibrosis of the liver in cirrhosis was con- 
sidered responsible for producing an increase in 
tissue tension by constricting the regenerative 
nodules. More recently, the important role of 
the regenerative nodules in increasing tissue 
tension, compressing and distorting the hepatic 
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blood supply, augmenting arterioportal anas- 
tomoses and producing hypertension was stressed 
by various investigators.’-!° 

The hepatic lesion in bilharziasis is not asso- 
ciated with necrosis of hepatic cells or nodular 
regeneration and therefore fails to meet the 
morphological criteria of cirrhosis. It is, therefore, 
fibrosis and not cirrhosis. In the pipe-stem type 
of fibrosis, portal hypertension is the result of 
intrahepatic fibrotic occlusion of the portal vein; 
in the fine or diffuse form there is mechanical 
obstruction of sinusoidal and central venous 
flow of blood. The absence of the regenerative 
nodules with their functional consequences on the 
hepatic circulation explains the lower portal 
pressure and the lesser frequency of hematemesis 
in hepatic fibrosis associated with bilharziasis 
as compared with other forms of cirrhosis. 
Hematemesis occurred in 15% of patients studied 
in the present work and in 17% of cases reported 
by Bibawi et al.," whereas it occurred in 55% of 
patients with Banti’s syndrome” and in about 
25% of all patients dying with a cirrhotic liver.” 

The results of the present study indicate that 
the pipe-stem type of fibrosis is associated with a 
higher portal pressure and a greater incidence of 
esophageal varices, hematemesis and ascites 
than is the diffuse type. Roentgenologic examina- 
tion of the esophagus demonstrated the presence 
of varices in 31% of cases with pipe-stem fibrosis 
and in 18% of cases with diffuse fibrosis. Bibawi 
et al." reported this finding in 30% of patients 
with bilharzial hepatic fibrosis. Radiological 
examination of the esophagus, however, is not 
generally an accurate diagnostic procedure in 
determining the presence of esophageal varices. 
Brick and Palmer“ found that the esophageal 
varices proved by endoscopy were detected 
roentgenologically in only 23% of cases. 


SUMMARY 


One hundred and four patients with hepatic 


fibrosis associated with Schistosoma mansoni 
infection were examined and their intrasplenic 
pressure measured by the percutaneous method. 
Seventy patients were found to have the pipe- 
stem type of fibrosis and thirty-four had the 
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diffuse type. The nature of the hepatic pathology 
was determined from examination of biopsy 
material obtained by liver puncture. Pipe-stem 
fibrosis was associated with a higher portal 
pressure and a greater incidence of hematemesis, 
esophageal varices and ascites than was diffuse 
fibrosis. The lower portal pressure in hepatic 
fibrosis associated with bilharziasis as compared 
with other forms of hepatic cirrhosis was dis- 
cussed. 
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HOST-PARASITE RELATIONSHIPS IN ECHINOCOCCOSIS 
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Knowledge of the conditions under which 
Echinococcus granulosus ova hatch and are acti- 
vated is related to an understanding of the host 
relationships of this parasite. Such an under- 
standing is also necessary for the development 
of a dependable in vitro technique for measuring 
the resistance of E. granulosus ova to such 
physical environmental variables as heat, cold 
and irradiation, as well as to chemical agents 
which might be employed, for example, in dis- 
infection of clinic sites contaminated during mass 
anthelmintic treatment of dogs. 

Although several early workers on hydatid 
disease recorded observations on the biology of 
E. granulosus ova, studies with the ova of other 
taeniid species, particularly those studies by 
Silverman,! have added so considerably to the 
general knowledge of the subject that most early 
observations on EF. granulosus specifically are of 
little import. An exception was the work under- 
taken by Berberian.? 

Observations reported in this paper were con- 
cerned primarily with the development of an in 
vitro method for hatching and activating £. 
granulosus ova in order to determine their via- 
bility. 

MATERIALS AND METHODS 


Source of ova. Experimentally infected dogs 
with patent E. granulosus infections were killed 
and their intestines removed and opened. Those 
infected with other taeniid species were dis- 
carded. Mature ova and gravid proglottids were 
separated from the washings of the rectum and 
descending colon by sedimentation and held in 
water at room temperature for several days to 
allow the remaining proglottid tissues to de- 
compose. The ovum suspension was then re- 
washed and stored at 4°C in distilled water 
until needed. 

* Aided by grants to the Department of Tropical 
Health from the National Institute of Allergy and 


Infectious Diseases, U. S. Public Health Service 
(E-2205), and the World Health Organization. 
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Hatching and activating solutions. Several 
hatching-activating solutions (see Tables 1 and 
2) were prepared with distilled water and stored 
at —20°C until used. 

Chemicals were of the following specifications: 
pepsin, N.F., powder (Merck); pancreatin, 3x 
U.S.P., and trypsin 2x cryst., 16% to 50% 
MgS0O,, preparations of Kunitz and Northrop 
(Mann Research Laboratories, New York); 
sodium glycocholate and cholesterol, U.S.P. 
(Nutritional Biochemicals Corp.); sodium tauro- 
glycocholate, from ox bile (British Drug Houses, 
Ltd.). Fresh bile was collected from sheep gall 
bladders obtained from the Beirut city abattoir, 
centrifuged and stored at —20°C until needed. 
Other chemicals were of reagent grade. 

Hatching and activating procedure. One-half 
milliliter of hatching and activating solution was 
placed ina 12 mm X 100 mm glass tube kept in a 
constant temperature water bath at 37°C. Follow- 
ing a few minutes of temperature equilibration, 
2 or 3 drops of a heavy suspension of ova (approxi- 
mately 200 to 500 ova per drop) was carefully 
added by Pasteur pipette and the suspension 
gently mixed. At 30-minute intervals, 2 drops 
of the suspension was removed by Pasteur pipette, 
placed on a slide, and covered with a cover slip 
supported with broken pieces of cover glass to 
prevent compression of the eggs. All unhatched 
eggs, motile oncospheres, and nonmotile onco- 
spheres were counted by a systematic microscopic 
examination of the preparation. The percentage 
of hatched oncospheres of total eggs counted and 
the percentage of motile oncospheres of total 
hatched oncospheres counted were computed as 
hatching and activation rates, respectively. 


RESULTS 

Preliminary experiments were undertaken to 
observe the effects of water and physiological 
saline alone upon intact, gravid proglottids and 


upon eggs incubated at 37°C. Proglottid cuticles 
and chorionic membranes (vitelline membranes 
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Fic. 1. Echinococcus granulosus ovum after 5 minutes of incubation in NaHCO, (pH 10). Note the 
intact chorionic membrane. K S800 

Fic. 2. £. granulosus ovum after 15 minutes of incubation in NaHCO, (pH 10); chorionic membrane 
intact, shell beginning to rupture. X 1.000 


Fic. 3. EB. granulosus ovum after 30 minutes of incubation in NaHCO, (pH 10); free oncosphere and 
shell components within still intact chorionic membrane. < 600 


Fic. 4. Living activated oncosphere of EF. granulosus showing oncospheral membrane ‘‘blister’’ and 
random hooklet arrangement. K 900 

Fic. 5. Hatched nonactivated oncosphere of E. granulosus. K 700 

Fic. 6. Previously activated but dead oncosphere of E. granulosus. Note relaxed oncospheral me 
brane and randomly arranged hooklets. K 900. 
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of some authors) remained intact in distilled 
water and physiological saline at 37°C for 
approximately 24 hours. Between 24 and 48 
hours, however, proglottid cuticles and chorionic 
membranes broke down, although the egg shells 
themselves remained intact. The effects of 
certain digestive enzymes and of pH upon both 
intact proglottids and free ova are shown in 
Table 1. 

Artificial gastric juice (1% pepsin in 0.4% 
HCl, pH 1) caused the rapid dissolution of 
proglottid cuticles and chorionic membranes. 
An occasional oncosphere hatched. Of the only 
48 free oncospheres counted in 5 experiments, 
however, only one had been activated. 

A 0.4% solution of HC! alone had no digesting 
effect on proglottid cuticles, chorionic membranes 
or egg shells during 24 hours of incubation at 
37°C. With longer incubation periods proglottid 
cuticles and chorionic membranes began to 
disintegrate. 

Pancreatin (1%), prepared in 1.3% NaHCO, 
(pH 10), caused rapid and complete dissolution 
of proglottid cuticles and chorionic membranes. 
A high percentage of shells also were disrupted 
in this solution. They started breaking within 15 
minutes of exposure, and at 60 to 90 minutes of 
incubation 57.6 + 15.9% (Mean + standard 
deviation) of the oncospheres were free; of 
these, 13.3 + 10.0% were active. 

Trypsin (0.4% in 13% NaHC0O;), pH 10, 
also caused disruption of the proglottid cuticles 
and egg shells but not as readily as pancreatin. 
The hatching rate in alkaline trypsin was 11.0 + 
5.5%. However, trypsin was a better activator 
of oncospheres: 35.2 + 14.1% of hatched onco- 
spheres were motile. 

The effect of 1.38% NaHCO; (pH 10) alone 
and that of NH,OH (pH 10) upon the intact 
proglottids and ova were similar. They both 
caused dissolution of egg shells (71.0 + 28.2% 
and 81.5 + 32.2% hatched, respectively), but 
left proglottid cuticles and outer chorionic 
membranes intact. Both the “prisms” which 
comprised the egg shells and the free oncospheres 
could be seen floating within the intact chorionic 
membranes (Figures 1, 2, and 3). Very few 
oncospheres (2.2 + 4.7%) were activated in 
NaHCO; alone, none in NH,OH. It was difficult 
to detect motility in such preparations, however, 
because oncospheres were trapped within the 
chorionic membranes. 

Table 2 summarizes the results obtained in 
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experiments testing the hatching and activating 
effects of various enzymes and other biological 
substances in combination. Ova for all experi- 
ments reported in Tables 1 and 2 were obtained 
from a single dog. 

Addition of cholesterol to alkaline pancreatin 
did not affect the hatching rate, but the activa- 
tion rate was raised; the addition of urea was 
without effect. When fresh bile was added to 
alkaline pancreatin alone or in combination with 
cholesterol or urea, both hatching and activating 
rates were increased substantially. 

Bile salts in combination with pancreatin- 
NaHCO; substituted for fresh bile in so far as 
the hatching rates were concerned and, with the 
exception of sodium tauroglycocholate, for activa- 
tion rates also. 

Silverman' obtained optimal hatching and 
activation of Taenia saginata ova with a pan- 
creatin - NaHCO; - trypsin - cholesterol - Na - 
tauroglycocholate combination. The ova of E. 
granulosus exposed to the same solution hatched 
at a rate of 60.8 + 14.3%, with 25.7 + 6.5% 
activation. Substitution of Na-glycocholate for 
Na-tauroglycocholate in the same combination 
resulted in a hatch rate of 67.8 + 7.9% with 
34.3 + 4.2% activation. The substitution of 
fresh bile for any single bile salt (pancreatin- 
NaHC0O;-trypsin-cholesterol-bile) resulted in a 
72.3 + 7.0% hatch rate with 52 + 19.7% 
motile oncospheres. This last combination re- 
sulted in the highest rate of activation obtained. 


DISCUSSION 


The cement substance which binds the pris- 
matic blocks forming the shells of E. granulosus 
ova is not dissolved in an acid medium, even in 
the presence of a proteolytic enzyme such as 
pepsin. It does dissolve, however, under strongly 
alkaline conditions without the aid of enzymes. 
This would suggest that the cement substance 
possibly is nonprotein in nature. Enzymes such 
as pancreatin and trypsin, in addition to digesting 
proglottid tissues and outer chorionic membranes, 
appear to be important in activating the onco- 
spheres after the removal of the shells. Through 
the combined actions of NaHCO; (pH 10), 
pancreatin and trypsin, it is possible to free the 
ova from proglottid tissues and chorionic mem- 
branes and the oncospheres from their shells with 
a high rate of activation of oncospheres. The 
further addition of cholesterol and sheep bile 
enhances the activating effect of these enzymes. 
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HATCHING OF ECHINOCOCCUS OVA 


Bile and its salts are surface active agents. 
According to Glassman,’ surface active agents 
alter energy relationships at interfaces, thereby 
lowering surface or interfacial tensions. He points 
out that the interaction of surface active agents 
and proteins may result in precipitation, complex 
formation and denaturation. Anson‘ had pre- 
viously reported that small amounts of surface 
active agents could have powerful denaturing 
effects upon proteins. Sreenivasaya and Pirie,‘ 
and later Haurowitz et al.,° have demonstrated 
that trypsin acts rapidly on denatured proteins 
but only slowly on native proteins. Perhaps bile, 
as a surface active agent, denatures embryonal 
membrane protein and thereby renders it more 
susceptible to trypsin digestion. 

It is also possible that bile has a direct ex- 
citatory effect upon the tissues of the oncosphere. 
Such an excitatory property of bile and its 
salts has long been recognized. Work of early 
workers indicated that bile had the particular 
characteristic of stimulating gut activity. Horrall’ 
observed that bile was apparently necessary for 
normal intestinal peristalsis. 

Isobe, Leonard and Leonard® and others 
recognized the importance of fresh bile in the 
hatching of taeniid ova; but it was Silverman! 
who suggested its function in the activation of the 
oncosphere. Berberian? noted that FZ. granulosus 
ova would hatch in human bile and in the in- 
testinal juices of sheep and cattle, as well as in 
crude pancreatin. 

Motility of the oncosphere was taken to be the 
criterion of viability in these experiments. How- 
ever, absence of motility could not be considered 
as an indication of absence of life. Most onco- 
spheres upon hatching in simple alkaline media 
are inactive (Figure 5). They are ovoid in shape 
with a central bulge. The six hooklets lie roughly 
parallel to one another. Only when oncospheres 
are exposed to various “activators” do they 
become motile (Figure 4). 

Motile oncospheres are irregular in shape. 
Hooklets are extended and retracted in pairs in 
an irregular sequence during movement (Figure 
4). Oncospheres which have been activated and 
have subsequently died are spheroid and their 
hooklets as well as membranes are extended in 
relaxed fashion (Figure 6). In no instance could 
all oncospheres be activated; a number remained 
inactive in every experiment. Perhaps the onco- 
spheral membranes of such ova were not in- 
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fluenced by activators; or, more likely, such onco- 
spheres were not sufficiently mature to be stimu- 
lated to activity, as recently suggested in the case 
of Hydatigera by Jones et al.'° Evidence for the 
effects of degree of maturity of ova upon hatching 
and activation rates was obtained in preliminary 
experiments in which the rates of hatching and 
activation of ova recovered from different dogs 
were compared, as were also those obtained from 
free gravid proglottids found in the rectum and 
from attached gravid proglottids in the small 
intestine of the same dog (Table 3). These 
results suggest that oncospheres recovered from 
attached proglottids, being less mature, are 
activated at a lower rate. 


SUMMARY 


An in vitro method is described where shells 
of Echinococcus granulosus ova are removed and 
the free oncospheres are activated to assess 
viability. 

The hatching and activating effects of several 
digestive enzymes on the ova of E. granulosus, 
obtained from experimentally infected dogs, 
were tested. Ova and hatching-activating solu- 
tions were mixed in glass tubes and incubated in 
a water bath at 37°C. At 30-minute intervals 
2 drops was placed on a slide, and all unhatched 
eggs, motile oncospheres and nonmotile onco- 
spheres were counted. 

The egg shells of EZ. granulosus remained intact 
in distilled water and physiological saline at 
37°C for at least 48 hours. Acid pepsin did not 
seem to have any effect on the dissolution of the 
shells or on the activation of the free oncospheres. 
Both NaHCO; and NH,OH removed shells with- 
out activation of oncospheres. Pancreatin and 
trypsin caused some activation of the free 
oncospheres. Bile, bile salts and cholesterol all 
enhanced the activating effects of pancreatin 
and trypsin; but whole bile was a more effective 
synergist than the individual bile salts tested. 

Evidence from preliminary experiments sug- 
gests that oncospheres recovered from attached 
proglottids, being less mature, are activated at a 
lower rate. 
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ANTIGENIC ANALYSIS OF ECHINOCOCCUS ANTIGENS BY AGAR 
DIFFUSION TECHNIQUES 
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In previous studies we have found that antigens 
prepared for hemagglutination and flocculation 
tests from hydatid fluid, cysts, scolices and mem- 
branes of Echinococcus granulosus (Eg) and E. 
multilocularis (Em) vary considerably in their 
activity with sera from immunized rabbits and 
with sera from humans infected with these para- 
sites.! We also demonstrated that these antigens 
show low levels of serologic activity with sera 
from patients with various collagen diseases and 
with sera prepared in rabbits against normal 
liver.? These results suggested that Echinococcus 
antigens contain both host and parasitic antigens. 
Electrophoretic analysis of concentrated hydatid 
fluid had revealed that hydatid fluid contains 
proteins with similar mobilities to serum pro- 
teins. An electrophoretic strip of concentrated 
hydatid fluid bears a striking resemblance to a 
similar strip of serum of the normal host species 
harboring the cyst.? Analysis of antigens by agar 
diffusion techniques is one method of unraveling 
the complex mixtures of these materials. The 
techniques are an aid in the preparation of more 
specific antigens for serologic and immunologic 
uses since they separate and help to identify dif- 
ferent antigen-antibody systems. 

In this report are included the results of analy- 
ses of six crude Echinococcus antigens from E, 
granulosus and E. multilocularis made by double- 
diffusion tube techniques and the Ouchterlony 
plate method. We were interested in determining 
the complexity of the antigens and in demon- 
strating any common and specific antigens in the 
extracts of various parasite tissues. To help eluci- 
date the problem of nonspecific reactions, anti- 
gens made from human, pig, cotton rat and 
hamster liver were included in the study. Anti- 
sera prepared in rabbits against each of the 
antigens were used, and a small number of human 
sera from patients with proven infections with E. 
granulosus were tested to identify the antigen 
components reactive in diagnostic serology. The 
double-diffusion technique of Oakley and 
Fullthorpe* was used to determine the number of 
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antigen-antibody bands in various combinations 
of antigen and antisera, and the plate method of 
Ouchterlony, to show bands of identity and 
non-identity. 


MATERIALS AND METHODS 


Prepar tion of antigens. E. granulosis infections 
in pigs and E. multilocularis infections in cotton 
rats supplied the source material for the Echino- 
coccus antigens. Ten antigens were prepared for 
this study: Eg hydatid fluid (EgHF), Eg scolices 
(EgS), Eg membranes (EgM), Em hydatid fluid 
(EmHF), Em cysts (EmC), Em scolices (EmS), 
normal pig liver, normal human liver, normal 
hamster liver and normal cotton rat (CR) liver. 
Normal pig, cotton rat and hamster livers were 
obtained from freshly killed healthy animals. 
Normal human liver was obtained from an acci- 
dent case at autopsy. Except for the 2 hydatid 
fluid antigens, parasite and animal materials 
were lyophilized, and antigens prepared by ex- 
traction of the dried materials. EgHF was a 
100-fold concentrate of dialyzed hydatid fluid, 
and EmHF was used as aspirated from cysts in 
cotton rat liver. EgM was prepared from 300 mg 
of lyophilized membranes in 4 ml of saline. EgS, 
EmC, EmS and the 4 normal liver extracts were 
prepared in the proportion of 100 mg of lyophil- 
ized material per ml of saline. Antigens were pre- 
served in Merthiolate® (1:10,000) and were not 
centrifuged to remove undissolved material before 
use. They were stored at —20°C when not in use. 

Preparation of antisera. The preparation of anti- 
sera by inoculating rabbits with each Echino- 
coccus antigen in Freund’s adjuvant has been 
described in a previous publication. Two anti- 
sera, E67 and E68, were prepared by injecting 
rabbits with purified antigens of Em cysts pre- 
pared respectively by the technique of Melcher*® 
and by the technique of Chaffee et al.7 Ten milli- 
liters of antigen was precipitated with 10 ml of 
aluminum hydroxide and injected intramuscu- 
larly into four areas of the animals’ hind legs. 
After 14 days the animals were bled. All sera were 
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preserved with Merthiolate (1:10,000) and stored 
at —20°C. 

Antisera received for the diagnosis of hydatid 
disease in human infections which showed high 
serologic titers and were in many instances from 
proven cases were screened for activity against 
three antigens. Nine sera which showed bands 
with EgHF were selected for study. 

Agar double-diffusion in micro tubes. The 
method followed was the technique of Oakley and 
Fullthorpe* as modified by Preer.* It consists of 
the stratification of antiserum, agar and antigen 
in small tubes (3 mm outside dimensions by 4 cm 
long). In this study, the procedure was, briefly, 
as follows: Approximately 0.01 ml of undiluted 
antiserum was delivered to the bottom of each of 
10 agar-coated tubes and was overlaid with 
melted 0.6% agar to form a 5-mm layer after 
solidification. The antigen was serially diluted 
with saline to give 10, 2-fold dilutions from full 
strength to 1:512; and approximately 0.01 ml of 
each dilution was transferred to a tube to form 
the top layer. Tubes were sealed with fingernail 
polish, incubated at room temperature in a hori- 
zontal position and examined at intervals be- 
tween 24 hours and 7 days. Location of the bands 
of precipitate was measured and recorded. The 
bands, representing the minimum number of 
antigen-antibody systems present, were given 
identifying numbers starting with the line nearest 
the antigen in the first tube. The tube in which 
the band appeared to be sharpest was considered 
to contain the optimal dilution of antigen for use 
in plate diffusion studies. 

Agar double-diffusion in plates. To identify 
bands produced by different antigen-antibody 
systems, double-diffusion in plates (Ouchterlony 
technique) was used. The procedure followed was 
slightly modified from several published meth- 
ods." The agar solution was prepared by dis- 
solving 5 g NaCl, 10 g of Difco agar and 0.1 g of 
Merthiolate in 1,000 ml of distilled water. Five 
milliliters of phosphate buffer, pH 7.0, was added 
and the material stored in stoppered flasks at 
4°C until used. Clean 1 in. X 3 in. and 2 in. X 
3 in. glass slides were first coated by dipping in 
hot 0.1% agar and draining. The backs were 
wiped clean, and the slides dried in a vacuum 
oven. If slides without etched ends were used, a 
band of adhesive tape was placed at one end of 
the slide for labeling. Agar “blanks” were pre- 
pared by loading a level tray with the slides al- 
most touching each other. (A level surface was 
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prepared by first flooding the tray with hot 5 to 
10% agar and allowing it to harden undisturbed.) 
Five or six milliliters of hot 1% agar was pipetted 
carefully onto each 2 in. X 3 in. slide, and 2.5 or 
3 ml of agar onto each 1 in. X 3 in. slide, so that 
an area 2 X 2 inches and 1 X 2 inches respec- 
tively was covered. After solidification the blanks 
were either used immediately or stored in a moist 
chamber at 4°C for several days. Six holes, 3 mm 
or 6 mm in diameter, were cut in a hexagon about 
a center well and were so spaced that the dis- 
tances between these outer edges were equal. The 
distance between the outer ring of wells and the 
center well was 5 mm. Holes were cut with a metal 
tube, and the agar discs were aspirated with a 
little negative pressure. Cut edges at the bottom 
of the wells were sealed with a minute drop of 
hot agar. 

For identification of common bands appearing 
when the antisera were tested with each antigen, 
optimum concentrations of the antigen (deter- 
mined by the data obtained from double-diffu- 
sion studies) were delivered to the center wells 
and undiluted sera to the peripheral holes. For 
identification of common bands appearing be- 
tween one serum and all the antigens, the plates 
were charged in reverse: undiluted serum in the 
center and dilutions of antigens around it. Each 
slide was incubated in a moist chamber at 37°C 
for 24 hours, the lines appearing in the agar were 
drawn onto record diagrams, and the wells refilled 
for a second reading 24 hours later. Slides were 
read against a black background with reflected 
light. After the second incubation, the slides were 
washed gently with distilled water to remove re- 
maining reactants, and the wells filled with water. 
A piece of wet filter paper was pressed down 
gently so that no air was trapped between it and 
the agar, thus preventing the agar from cracking 
during drying. Slides were dried at 37°C overnight 
and stored either with or without the attached 
paper until stained. 

The staining technique described by Crowle® 
was followed with slight variations. The dried 
slides required only 3 to 4 hours of soaking in buf- 
fered water of pH 7.4 to remove reagents in the 
agar. They were then passed through two wash- 
ings of distilled water for 10 minutes each and 
stained for 10 to 20 minutes in 0.3% solution of 
Thiazine Red R in acetate buffer (equal parts of 
M/10 acetic acid and M/10 sodium acetate). The 
agar background was destained by passing through 
two 10-minute washings (or more if necessary) of 
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1% acetic acid, and a final wash of 1% acetic acid 
and 1% glycerol. They were then air dried and 
stored. The stained lines were also recorded dia- 
grammatically. Lines on stained slides were more 
clearly visible when the slide was wet with 
distilled water. Final identification of lines was 
based on the results of the 3 readings taken before 
and after staining. 

By preparing test plates with homologous and 
heterologous antisera, it was possible to determine 
which bands were of parasite and which of host 
origin. The design or arrangement of the various 
reactants in the plate wells was determined by 
optimum dilution of antigen for the desired lines. 
For example, if the double-diffusion analysis 
showed that band 1, formed with a specific anti- 
serum, was sharpest with antigen diluted 1:2, 
band 2, with antigen diluted 1:4 and band 3, with 
antigen diluted 1:8, three plates were made, one 
with each dilution in order to produce good bands 
of identity with other sera. 

The legend in Figure 1 has reference to the 
symbolization used in Figures 2 and 3. Two anti- 
gens associated with hydatid fluid (solid squares), 
four with scolices (solid crosses), six with pig liver 
antigen (hollow diamonds) and four with cotton 
rat liver (hollow circles) are listed. Bands which 
could not be linked with other bands and bands 
which were linked with one another but with no 
band of parasite or host affinity are also shown. 

The key in Figure 1 depicts a reaction between 
antigen and antiserum showing 5 bands. Bands 
were numbered numerically with the closest one 
to the antigen labeled “1,” the one that appeared 
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behind it, “2,” etc. Across the top of each square 
on the lower half of the key, the numbers 1 to 5 
refer to the number of the band as designated in 
double-diffusion studies. Within each rectangular 
space parasite components appear in the upper 
third, host components in the middle third, and 
unidentified components in the lower third of the 
box. In a titration of EgHF with antiserum 
EgHF-1 in the double-diffusion test, 4 bands 
were seen. After analysis by the Ouchterlony 
method, 3 of these bands were found to be of host 
origin and 1 of parasite origin. These results are 
graphically shown in the key (and also in Figure 
2). Band 1 is pig liver antigen 1, band 2 is hydatid 
fluid antigen 1, band 3 is pig liver antigen 2, and 
band 4 is pig liver antigen 4. By using solid sym- 
bols for the parasite components and elevating 
them above the host components, the eye can 
quickly differentiate between them; yet their 
relative position to each other can still be dis- 
cerned. Each rectangular space in Figures 2 and 3 
presents information obtained from the results of 
both the double-diffusion reaction and the Ouch- 
terlony tests with antigens reacted against ho- 
mologous and heterologous antisera. 


EXPERIMENTAL RESULTS 


The numbers of bands found by the double- 
diffusion method and by the Ouchterlony tech- 
nique are compared in Table 1. In general there 
was fair agreement between the numbers of bands 
appearing by the two techniques. For 90 tests, 
42 (46%) showed the same number of bands, 30 
(33%) a difference of 1 band, 13 (16%) a differ- 
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Fra. 1. Legend used in Figures 2 and 3 and a key to the graphic description of bands found in the 
double-diffusion reaction and identified in the Ouchterolony reaction. 
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Fria. 2. Identification of bands in Ouchterlony tests with Echinococcus and liver antigens with ho- 


mologous and heterologous antisera. 


ence of 2 bands, 3 (3%) a difference of 3 bands 
and 2 (2%) a difference of 4 bands. In 37 of 48 
tests where a difference in the number of bands 
was noted, there were more bands in the plate 
than in the corresponding tube test. 

In Figure 2 the analysis of band identity by the 
Ouchterlony method is graphically depicted. With 
E. granulosus antigens at least 23 different anti- 
gen-antibody components were followed. Four of 
these bands were of parasite origin, 6 of host 
origin and 13 bands could not be identified. EgHF 
showed a minimum of 3 parasite antigens, at 
least 5 pig liver antigens and 4 unidentified bands. 
Reactions of pig liver with specific antiserum 
showed 5 bands, 3 of which (1, 2, 4) could be 
linked with bands appearing in plates with EgHF 
and homologous antisera. Tests of EgHF with pig 
liver antisera showed 3 bands (3, 4, 5) and 2 un- 
identified bands. EgHF had common parasitic 
antigens with EgS, EmHF and EmS. Reactions 
with homologous antisera prepared in two rabbits 


showed 4 bands in the first and 2 in the second. 
Analysis revealed that only 1 of the 2 bands was 
common with the 4 bands in the other rabbit. 

EgS was predominantly of parasite composi- 
tion, containing 3 parasite bands, 4 host bands 
and 3 unidentified bands; in some plates the only 
bands identified were of parasite origin. EgM re- 
vealed only 1 parasite antigen, 4 pig liver anti- 
gens, 1 unidentified but linked band in 3 antisera 
and 5 unidentified bands. Most of the reactions 
were of host antigens. 

E. multilocularis antigens showed at least 11 
bands that could be followed and 16 bands which 
could not be traced. Of the 11 bands identified, 
4 were of parasite origin and 7 of host origin. 
Tests with EmHF showed 1 parasite band, 4 
cotton rat liver bands and 3 unidentified bands. 
Antisera made against purified Melcher’s or 
Chaffee’s antigen of multilocularis cysts revealed 
in addition to the 1 parasite band, 2 bands against 
cotton rat liver antigen. EmHF was very anti- 
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Identification of bands in Ouchterlony 


Echinococcus antigens and sera from 
patients with verified infections of Echinococcus 


qran ulosus 


genic with homologous antisera, but all but 1 un 
identified linked to cotton rat 


antigens. EmHF was practically nonreactive with 


band was live 
FE. granulosus antisera, showing only | unidenti 
fied band. In Figure 4 the results of a test with 
EmHF diluted 1:8 against anti-EmHF (28, 29), 
anti-Em cyst (22, 23) and anti-cotton rat serum 
(25) are shown. The band common with all anti 
sera was cotton rat liver band 2 

EmC-CR antigen should contain both hydatid 


ANTIGENS 


i" Fic a Echinococcus multilocularis hydatid 
fluid antigen reacted against rabbit antisera of 
E. multilocularis hydatid fluid (28, 29), E. 


22, 23) and anti-cotton rat 


multi 


locularis evysts liver 


25) 


fluid and scolices antigen since it is an extract of 
the entire parasite cyst. Analysis revealed 2 anti 
gens of scolices origin, 4 cotton rat liver bands, 
2 pig liver components and 8 unidentified bands. 
Of interest is the fact that this antigen did not 
react with diagnostic sera. 

KkmS showed 3 parasite bands, 4 liver bands, 
2 against cotton rat and 2 liver, and 5 unidentified 
bands. Two of the scolices parasite bands were 
the same bands as those which appeared with 
gS antiserum. 

Cotton rat liver, the host from which the multi 
locularis material was obtained, produced 5 bands 
with homologous antiserum. This antigen did not 
react with antisera to /. granulosis; however, it 
was very reactive with antisera to EmHF and 
EmC-CR but did not react with EmS. Pig liver 
antigen produced 5 bands with homologous anti 
sera. With Eg antisera, 4 identifiable and 2 un 
identifiable bands were found. With Em antisera 
3 bands against pig liver, 1 band against cotton 
rat liver and 2 unidentified bands were found. 
Pig liver antigen when reacted with cotton rat 
liver antiserum revealed 2 bands but CR liver 
antigen and pig liver antiserum did not react. 
Human and hamster liver antigens with one ex 
ception did not cross-react with each other’s anti 
sera. As a general rule the specificity of the liver 
antigens with homologous antisera was high. 


In Figure 3 analysis of 9 human sera, 2 anti 
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ind | antigen of b. multi plates, the results of this study indicate that iden 
locularis is diagrammed. There was not enough _ tification of these components reveals a far greater 
intigen remaining to test all the optimum dilu complexity than initially suspected. In all, 6 
tions necessary for a complete analysis. This ex bands of parasite origin and 10 of host origin 
plains the discrepancies between the diagrams of | could be identified but approximately 35 bands 
rabbit antisera in Figures 2 and 3 and the incom could not be identified. Stated another way, 
plete analysis for Ems. Six different bands could — identification of the bands reveals complex anti 
be traced in the diagnostic sera; seven bands were — gen systems which by agar-gel tube tests appear 
not identified. Three of the six identified bands to be composed of 1 to 6 components but which 
were of parasite origin and three of host origin are in reality, when analyzed by the Ouchterlony 
In serum 2045, bands 2 and 3 in the reaction method, a minimum of 16 and a possible maxi 
with EgsS were identified as seolices 1 antigen mum of 51 different antigen-antibody systems 
because we thought we were dealing with a split \nother finding was the predominant role that 
band. Band 1 of pig liver was active in all sera antigen of host origin played in EF. multilocularis 
Sera £20382 and £2034 showed no identifiable antigens. This may explain why F. multilocularis 
parasite antigen component when tested with antigens were not found to be as suitable as / 
KgHF. gs showed 3 parasite components and granulosus antigens in serologic tests.! This was 
ery few bands of host origin ilso indicated in the present study since EmS 
Of all the diagnostic sera tested with Em anti antigen reacted with only one of the human 
gens, EemS was the only antigen that reacted with diagnostic sera (Figure 3 
i diagnostic human serum (4), producing 4 \n analysis of a few human diagnostic sera 
bands, 2 of which were parasite, 1 host and ! un Figure 3) which were active in the Ouchterlony 
identified. Both scolices bands were labeled “1” test reveals that there was no correlation between 
because of our inability to differentiate them activity in the Ouchterlony test and serologic 
titers. The following serologic titers with EgHF 
DISCUSSION antigen in the indirect hemagglutination test were 
\lthough from 1 to 6 bands were found in indi obtained: E3, 1:6,400; E4, 1:102,400; E2097, 
idual antigen-antibody reactions in tube o1 1:6,400; £2049, 1:25,600+: £2045, 1:25.600-4 
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E2032, 1:6,400; E2034, 1:12,800; E1027, 1:1,600. 
Approximately 20 sera were screened, all showing 
high titers by serologic test, but only 9 sera re- 
acted in the Ouchterlony test. 

An analysis of the precipitin bands in Figure 3 
reveals that except for E3, all the remaining sera 
fit a definite pattern when tested with EgHF. The 
reaction of EgHF with E4 showed 2 liver bands 
followed by a hydatid fluid and scolices band. If 
the 2 bands in E2097 are shifted to positions 2 
and 3, the 3 bands in E2049 and E2045 to posi- 
tions 2, 3 and 4, and the 2 bands in Becker to po- 
sitions 2 and 3, a sequential pattern for all these 
sera is evident. 

These studies also reveal that there are anti- 
bodies against host tissues reacting with EgHF 
antigen in the diffusion tests. We believe that 
this may account for nonspecific reactions in sero- 
logic tests.? The presence of host protein in hyda- 
tid fluid antigen may explain why this fluid, when 
used as a skin test antigen, may give some non- 
specific results. Wolfgang and Poole” skin tested 
2,022 Canadian Indians and found 31% with 
positive reactions, which far exceeded the number 
of clinical cases in that era. 

With an assay method now available whereby 
the identity of some of the components in diag- 
nostic antigens can be made, purification and 
fractionation of antigens can be followed more 
closely. Studies in progress on the fractionation 
of hydatid fluid with DEAE cellulose are being 
followed by gel diffusion analysis. The isolated 
components are being identified in Ouchterlony 
reactions, a procedure which is greatly facilitated 
by the fact that an analysis of the original antigen 
has been made and the antigens in each fraction 
can be identified and characterized. 

From our analysis, scolices antigen was the 
most specific antigen containing the least amount 
of host materials, but when antigenicity was 
evaluated in diagnostic serology, it was not as re- 
active as hydatid fluid which contained many 
nonspecific components.' We believe that the 
reason for this is that the active components in 
our diagnostic antigens may be accumulated 
metabolic products found in the hydatid fluid 
and not the somatic antigen which we extracted 
from the lyophilized scolices. 

Although staining usually improved resolution 
of lines in the agar, we found it was profitable to 
read the slides before they were stained and again 
afterward. We also found that to obtain maxi- 
mum definition of the antigen-antibody systems, 
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antigen and antibody wells in the agar had to be 
refilled. We were fully aware that refilling wells 
with antigen and antisera may cause hazy, fuzzy 
and, in some instances, split bands; but we found 
that without refilling we were unable to join and 
identify common bands. 

The identification of bands in the Ouchterlony 
test was not completely objective. Bands which 
appeared with one antigen in more than one 
serum were usually designated as a component of 
the antigen involved. In most instances interpre- 
tation and identification could be made without 
question, but since all lines did not appear on one 
plate, and every possible combination could not 
be visualized in an agar test, we had to make some 
assumptions with regard to the identification of 
some of the bands. We always challenged these 
assumptions with additional tests, and changed 
our designation only when the data warranted it. 
In only 4 instances, in approximately 150 plates 
with 4 to 6 reacting sera or antigens, were we un- 
able to resolve a band designation to our satisfac- 
tion. For example, in cotton rat liver reacting 
with homologous antiserum (Figure 2) the bands 
in positions 2 and 4 were labeled as band 2. This 
is obviously wrong, but when we reacted cotton 
rat antigen with cotton rat antisera next to 
Chaffee’s antiserum we found bands 1 and 2 
linked. In turn, bands 1 and 2 with Chaffee’s anti- 
serum linked to bands 1 and 2 of anti-EmHF; 
however, when we placed anti-cotton rat liver 
serum next to anti-EmHF, band 2 of anti-EmHF 
linked with band 4 of cotton rat liver antiserum, 
We, therefore, had no alternative but to label 
positions 2 and 4 as the same band. We may have 
been dealing with split bands in these instances. 
We were surprised that we did not encounter 
more situations of this type and that we obtained 
in general such excellent agreement between 
experiments. 

One of the limitations of the agar-gel method is 
the inability of the host to produce antibodies in 
sufficient concentration to form bands with an 
antigen. It is a well known immunologic fact that 
rabbits, and presumably all animals, differ within 
a given species in their ability to form antibodies. 
Thus in Figure 2 antisera prepared in 2 rabbits 
to EgHF showed a different antibody response. 
This is also evident in Figure 3 since 9 human 
beings immunized by actual infection developed 
different amounts of antibodies which could be 
visualized by the Ouchterlony test. This indicates 
that a minimum number of antibodies are de- 
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tected with a particular antigen rather than the 
maximum number. This may also explain why, 
for example, when EgHF was reacted with anti- 
sera prepared against human liver, 2 bands were 
noted (Table 1) but when the reverse test was 
made, no bands were seen. The rabbit immunized 
with EgHF did not make sufficient amounts of 
antibody to the liver components in the antigen 
to react in the latter test. Antibody concentration 
is usually the weakest component in the agar-gel 
test when used in parasite antigen-antibody sys- 
tems. For this reason very little new information 
can be obtained by titrating antisera when active 
antigens are used, and in our studies only antigen 
was titrated. 

The agar diffusion method is an excellent assay 
tool. When this method is used initially in anti- 
gen analysis followed by identification of compo- 
nents in fractionation and purification studies, a 
technique is available for the development of 
more sensitive antigens for serologic and immu- 
nologic tests. 

SUMMARY 


The analysis of six crude Echinococcus antigens 
from Echinococcus granulosus and E. multilocu- 
laris was made by double-diffusion tube technique 
and the Ouchterlony plate method. For tests with 
E. granulosus antigens, at least 23 different anti- 
body-antigen components were followed and for 
tests with EZ. multilocularis, 27 antigen-antibody 
bands. Components of parasite origin were identi- 
fied as well as many components of host origin in 
hydatid fluid, scolices and cyst tissue antigens. 
Analysis of reactions with human diagnostic sera 
revealed that there were antibodies against host 
tissues reacting with E. granulosus hydatid fluid 
(EgHF) antigen in the agar diffusion test. 


2. Kagan, I. G., Norman, 


NORMAN 
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It is probable that hookworm disease existed in 
Egypt in the remote past and it has been claimed 
that a disease mentioned in the Ebers Papyrus 
was of that nature. In the clinical picture, of 
paramount importance is the presence of anemia, 
which usually has been classified as of the hypo- 
chromic microcytic type.'* Bone marrow exami- 
nations have been described as usually showing 
hyperplasia of the erythrocytic series with in- 
crease in the proportion of basophilic erythro- 
blasts and with variable proportions of micro- 
normoblasts.**® In a study of 74 patients with 
hookworm anemia, Daftary and Bhende* found 
22 patients with megaloblastic changes of the 
bone marrow. As these authors did not believe 
that ankylostomiasis, per se, could produce a 
megaloblastic anemia, they felt that these were 
really cases of nutritional megaloblastic anemia 
(so-called nutritional or tropical macrocytic 
anemia) complicated by superadded hookworm 
infection. As in many other tropical and sub- 
tropical areas of the world, hookworm disease 
continues to be of major clinical and public 
health importance in Colombia. 

Since preliminary observations on patients in 
Colombia suggested that some features of hook- 
worm disease, such as the type of anemia and 
blood volume variations, may be somewhat 
different from those given in classical descrip- 
tions, a more detailed study was undertaken. The 
results of this study which involved the use of a 
different scheme of treatment with tetrachloro- 
ethylene are herein reported. 


MATERIALS AND METHODS 


Upon admission to the medical wards of Hospi- 
tal de San Vincente de Patil, Medellin, Colombia, 
all patients with anemia were studied during the 
period from November, 1957, through November, 
1958. Those with hookworm infection were se- 
lected for special study; those with associated 
diseases that might modify the anemia (malaria, 
amebiasis, ulcerative or potentially bleeding 
lesions of the gastrointestinal tract) were elimi- 
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nated. Other complicating diseases that might 
cause eosinophilia (larva migrans, trichinosis, 
schistosomiasis) were discarded on _ clinical 
grounds. Loeffler’s syndrome as a cause of eosino- 
philia was ruled out by the absence of characteris- 
tic radiological lesions. 

Thirty-nine patients were selected for the 
study. A detailed clinical history was obtained and 
physical examination including a dietary inquiry, 
chest x-ray, and parasitological and hematologi- 
cal as well as bone marrow studies were carried 
out on all of these patients; electrocardiographic 
examinations were made on 33 and blood volume 
determinations with Evans blue, on 25. 

Parasitological studies consisted of an analysis 
for occult blood in the stools by the benzidine 
test after 3 days of meat-free diet and quantita- 
tive egg counts on the stool specimens by the 
Stoll method,’ the counts being corrected for 
consistency of the feces. Such studies were done 
upon admission and again after therapy. From 
every fourth patient a stool sample was taken 
following the last dose of tetrachloroethylene 
and an average of seven adult hookworms from 
each patient was examined for species identifica- 
tion. 

Hematological studies were done on blood 
samples obtained by venous puncture, using as 
anticoagulant a dried solution of 6% sodium 
oxalate and 4% potassium oxalate. Each sample 
was used for erythrocyte and leukocyte counts in 
the Neubauer chamber, hemoglobin determina- 
tion by the acid hematin method using the Zeiss 
hemacytometer, hematocrit determination in 
Wintrobe tubes, first-hour sedimentation rate 
in Westergren pipettes, and reticulocyte count 
by mixing equal parts of blood and cresyl blue, 
incubating the mixture for 15 minutes and then 
making the counts between the chamber and 
cover slip. Peripheral blood smears were used for 
the study of red blood cell morphology and for 
the white cell differential counts. Platelet counts 
were made by using the Rees-Ecker anticoagulant 
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fluid and enumerating the cells directly in the 
Neubauer chamber. 

Samples of bone marrow usually were taken by 
punctures of the sternum but when this was not 
feasible or the insufficient the 
specimen was obtained from the iliac crest. The 
smears were stained with Wright’s stain and 
examined for morphology of the cells and 
differential counts. Of the 39 patients 20 had 
parasitological, hematological and bone marrow 
controls after treatment. 

Plasma volume determinations were made on 
25 patients, based on a single Evans blue (T-1824) 
dye-tinged drawn 10 minutes after 
injection.’ Total blood volume was calculated 
from the hematocrit in venous blood (H) from the 
equation BV = PV/(100—H) x 100. Hemato- 
crit values were corrected to subtract the volume 
of plasma trapped between red cells using a 
correction factor of 0.96.° 

Electrocardiographic examinations were done 
on the fasting patients, using a Siemens Cardio- 
stat; 12 lead standard electrocardiograms were 
taken on each patient. 

Treatment in 34 patients older than 17 years 
consisted in giving 3 ml of tetrachloroethylene 
daily before breakfast for 3 days, a scheme of 
therapy different from the usual routine of 
treating hookworm infections. The remaining 5 
patients between 11 and 17 years of age received 
2 ml of the drug daily for the same period. One 
hour later they were allowed to have a regular 
breakfast; no special diet was prescribed and no 
laxatives were used. Four days after the last 
dose a new stool sample was obtained for egg 
counts. All patients received daily 900 mg of iron 
sulfate in tablet form (300 mg each) for 5 weeks. 


smears were 


sample 


RESULTS 
All of the patients were male farmers 0 82 
All of the patients were male farmers, 11 to 82 
years old, with a mean age of 37.6. They came 
from the lower social level and their diets were 


qualitatively and quantitatively deficient, espe- 


cially regarding the protein content. 

Symptoms and duration. The minimal duration 
of symptoms before entering the hospital was 3 
months and the maximal 3 years, with a mean of 
20.5 months. Of the 39 patients studied, all 
presented weakness; 36, loss of strength; 28, 
palpitations; 26, shortness of breath; 21, head- 
ache; 13, abdominal pain and pyrosis; 12, gener- 
alized aches and pains; 10, diarrhea; 7, fainting; 
6, paresthesia; 4, anorexia; 3, angina pectoris; 
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and 2, tinnitus. One of the patients who com- 
plained of symptoms suggesting an anginal 
syndrome showed electrocardiographic abnormal- 
ities; he was a 65-year-old man in whom coronary 
heart disease probably was present. 

Physical findings. All of the patients had 
pallor of the skin and mucous membranes, and 
alterations of the fundi that consisted in pallor 
of the retina and disc. Retinal hemorrhages were 
seen in 11 patients, vasospasm in two, and diffuse 
retinal edema in one. Seventeen had fever which 
could not be accounted for by the physical 
findings (x-ray chest films and stool or urine 
cultures) and which lasted from 6 to 15 days. 
Fifteen patients presented skin changes such as 
erythema, desquamation, dryness and pigmenta- 
tion; 7 had peripheral edema, usually in the legs 
and eyelids; 2, pleural effusion; and 1, ascites. 

All patients had one or more cardiovascular 
abnormalities with the following distribution: 
cardiac murmurs in 33, variation in blood pres- 
sure in 15 (hypotension in 6, increase in differen- 
tial pressure in 9), tachycardia in 10 and cardiac 
enlargement in 8. Among the 33 patients with 
murmurs, the defects were in the left sternal 
border and the apex of 11, in all foci of 8, apical 
systolic in 7, in the left sternal border of 5, and 
apical and basal in 2. Two patients had, in addi- 
tion, apical diastolic murmurs. 

Other physical findings were liver enlargement 
in 14 patients, discrete enlargement of the spleen 
in 8, mental disorders consisting of confusion, 
disorientation, loss of memory und changes in 
conduct in 9, and sexual disorders in 4. 

Parasitological findings. All the patients gave a 
positive benzidine test for occult blood. The 
minimal egg count was 1,400 and the maximal 
159,000, with a mean of 36,639 eggs per gram of 
feces. There was a rough correlation between the 
hookworm egg counts and the hemoglobin level. 
Twenty-one patients had counts ranging from 
20,000 to 50,000 and hemoglobin levels varying 
from 1 to 5 grams %. All the adult hookworms 
examined were Necator americanus. 

Hematological findings. Table 1 shows the 
initial hematological data. The mean red blood 
cell count was 2.8 million per cmm, with extreme 
values of 0.9 and 4.5 million per cmm. The mean 
hemoglobin level was 5.03 grams % with the 
lowest value, 1.0 gram %, and the highest, 11.6 
grams %. The hematocrit levels were between 9% 
and 42% with a mean value of 23.7%. 

The peripheral blood smears demonstrated a 
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TABLE 1 
Initial hematological data on 89 patients with 
hookworm anemia 
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decrease in the hemoglobin content of the cells, 
anulocytes being present in all of the cases. Aniso- 
cytosis was present in 38 patients, with variable 
proportions of macro-, micro- and normocytes 
but always with predominance of microcytes. 
Poikilocytosis was found in 31, with presence of 
ovalocytes, target cells, irregular and fragmented 
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red blood cells; ovalocytosis was the leading 
morphological alteration in 19. Other findings 
were polychromatophilia in 29 cases, reticulocy- 
tosis (over 2.5%) in 26 and the presence of 
nucleated red blood cells in 2 patients. Cells of 
the latter type were so abundant in some patients 
as to become significant in the differential cell 
count (2%). 

The mean white blocd cell count was 6,847 
per cmm, with extreme values of 2,900 and 13,000 
per cmm. The mean percentages in the differential 
count were 58.5 neutrophils, 17.5 eosinophils, 
19.7 lymphocytes, 3.7 monocytes and 0.5 normo- 
blasts. The most striking finding was the increase 
in eosinophils in all patients, reaching 69% of the 
differential count in one of them. 

The platelet count was normal in all the pa- 
tients, the values varying between 150,000 and 
600,000 per cmm. 

The erythrocyte sedimentation rate had a 
mean value of 37 mm in the first hour with ex- 
tremes of 3 and 120 mm. 

Bone marrow findings. The erythrocytic and 
eosinophilic series of the bone marrow were hy- 
perplastic in all patients; in a few cases in which 
at first hypoplastic marrow was found, a new 
puncture over the iliac crest revealed a hyper- 
plastic marrow, possibly due to focal areas of bone 
marrow depression on inadequate sampling. The 
erythrocytic hyperplasia was of the normoblastic 
type and all the smears had a high proportion of 
micronormoblasts, nuclear abnormalities (pyk- 
nosis and nuclear rhexis) and a sparse, irregular 
or poorly stained cytoplasm. Thirty-three pa- 
tients showed megaloblastic changes of interme- 
diate degree and in a few cases there were typical 
cells, with presence of promegaloblasts, and baso- 
philic and orthochromatic megaloblasts. The 
thrombocytic series was generally normal but in 
11 patients the smears showed a marked increase 
in megakaryocytes. In all cases, there was hyper- 
plasia of the eosinophilic myelocytic cells; but 
only 3 cases presented an increase of the neutro- 
philic myelocytic cells. There were no changes in 
the lymphocytic and monocytic cells. 

The average bone marrow cell percentages in 
the 39 patients were 0.09 myeloblasts, 1.39 pro- 
myelocytes, 13.39 neutrophilic myelocytes, 20.09 
metamyelocytes, 9.20 polymorphonuclear neutro- 
phils, 5.89 polymorphonuclear eosinophils, 3.02 
lymphocytes, 0.17 monocytes, 0.14 plasma cells, 
2.73 proerythroblasts, 2.75 erythroblasts and 
40.48 normoblasts. 
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TABLE 2 


Plasma volume and total blood volume in 25 patients 
with hookworm anemia 
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Blood volume studies. Table 2 shows the total 
blood volume and plasma volume found in 25 
patients. Of these, 16 had an oligocythemic hy- 
pervolemia and the remaining 9 had an oligocythe- 
mic normovolemia; none had a decreased blood 
volume. For those patients who had hypervole- 
mia, the mean increase in plasma volume over the 
expected normal values, calculated for each pa- 
tient according to weight, was 72.1%, with ex- 
treme values of 28.4% and 92.6%. The average 
increase in total blood volume was 17.5%, with 
extreme values of 1.7% and 41.0%. 

Electrocardiographic findings. There were elec- 
trocardiographic changes in 13 of the 33 patients 
studied, the most frequent findings being low 
voltage in 10 cases, prolongation of the QT inter- 
val and changes suggestive of left ventricular 
enlargement in 3 patients, sinus tachycardia, 
ST- and T-wave changes in 2, abnormal P-waves 
and respiratory arrhythmia in 2, and left devia- 
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tion of the electrical axis, incomplete left bundle 
branch block, nonspecific changes of T-wave, 
auricular flutter and diffuse myocardial lesions in 
1 patient each. A patient 70 years of age, in whom 
left ventricular enlargement and incomplete left 
bundle branch block were found, may have had 
arteriosclerotic heart disease; the same may be 
postulated for another patient (age 50 years) who 
had a tracing suggestive of an old anterior wall 
infarction. 

Treatment. After the above studies were com- 
plete, anthelmintic treatment was begun. No 
signs of intolerance or toxicity were observed, 
despite the relatively high dosages. After comple- 
tion of treatment there were no hookworm eggs in 
the stools of 10 patients whose pretreatment mean 
egg count was 23,935; in the remaining 29 the egg 
count dropped from a mean of 39,344 to 6,620. 
In 8 patients of the latter group it was necessary 
to give a second treatment. The mean egg count 
in this group before treatment was 31,300 and 
following the first treatment was 14,960; with the 
second treatment the egg counts were negative in 
3 patients and dropped to an average of 800 in 
the remainder. Since in each case only one egg 
count was done 4 days after the completion of 
treatment, the possibility of a depression in the 
egg output during the first few days was consid- 
ered. Therefore, egg counts were made on another 
group of 8 patients before treatment and 4, 10 
and 14 days afterwards; no significant differences 
were found in the three posttreatment counts. 

The average duration of the study for the 
group was 30.4 days, during which time therapy 
was given that included the anthelmintic and iron 
sulfate in the dosage stated previously plus the 
regular ward diet. At the end of this period 20 of 
the 39 patients were markedly improved. The 
mean red blood cell count rose from 2.5 to 3.7 
million per cmm; the hemoglobin rose from a 
mean of 3.8 to 8.18 grams % and the hematocrit 
increased from a mean of 20 to 32%. The reticulo- 
cyte count dropped from an average pretreatment 
level of 5% to 1.75% at the end of treatment and 
the platelet count from 324,000 to 282,000 per 
emm. The sedimentation rate (1 hour) dropped 
from a mean of 40.1 mm to 20.6 mm after the cor- 
rection for the corresponding degree of anemia 
was made. There was marked improvement in the 
morphology of red cells with a decrease in the 
number of ring forms and improvement in the 
poikilocytosis, and polychromatophilia. Regard- 
ing the bone marrow, there was a marked im- 
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provement in the over-all picture, with appear- 
ance of a normoblastic type of erythropoiesis; the 
proportion of megaloblastic cells decreased and 
there was no case with a significant proportion of 
megaloblastic cells in the smears. 


DISCUSSION 


Concerning the diet as a possible modifying 
factor in the clinical picture, it was found that all 
of the patients had had a diet deficient in proteins 
and vitamins, with a high percentage of the total 
caloric content derived from carbohydrates; most 
of them had ingested protein less than 3 times a 
week. Only two had an adequate diet, but in one 
of them the hookworm egg count was 159,000 and 
the hemoglobin level was 4.8 grams %. According 
to previous studies'® which indicate that a hook- 
worm infection is severe when the egg count ex- 
ceeds 11,000 per gram of feces, 32 of our 39 pa- 
tients were severely infected, and, as expected, 
there was a correlation between the number of 
eggs in the stool and the hemoglobin level. Bea- 
ver" found that school children with egg counts 
above 20,000 per gram of stool almost invariably 
were anemic or borderline cases. There was 


nothing unusual about the presence of occult 


blood in the stools in all cases, since it is well 
established that the hookworms cause blood loss 
into the bowel stream and there is only partial 
digestion and reabsorption of the elements (iron) 
of the erythrocytes." 

With regard to the blood and bone marrow pic- 
tures, the findings in this study agree in general 
with those of other workers.'* The only important 
difference in this series was a rather high percent- 
age of megaloblasts in the bone marrow. How- 
ever, reporting their findings on three cases of 
hookworm anemia, Bonnin and Moretti de- 
scribed an erythroblastic reaction of the bone 
marrow with an increase in the proportion of 
younger cells of the series, an absence of megalo- 
blasts and a decrease in the number of eosinophils. 
In a recent report, Larizza and Ventura‘ stated 
that hookworm anemia is typically an erythro- 
blastic maturation of an inhibitory type, with a 
tendency to microerythroblastosis. These workers 
believe that the association of hookworm infection 
with a macrocytic type is the exception. The 
findings in these two reports are not sustained by 
this study, and it is felt that the poor diet among 
patients in this series is the main reason for the 
difference. In the group of people studied the diet 
was uniformly monotonous, consisting of starchy 
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foods (plantain, beans, cassava and polished rice). 
Only a few patients could afford meat about two 
or three times weekly; and milk, dairy products, 
eggs, fruits and green vegetables were eaten only 
on rare occasions. The staple food was tradition- 
ally eaten in the form of stew after long periods of 
cooking. Scott! stated that the ability to resist 
hookworm infection depends primarily on the 
nutritional status of the individual. Along the 
same line Faust’ indicated that when hemoglobin 
levels drop below 20% a macrocytic anemia may 
develop. In addition, Lehmann!" investigated 44 
patients with macrocytic anemia in hookworm 
and other diseases in Central Africa and con- 
cluded that macrocytosis may result from an 
increase in the number of reticulocytes, the pres- 
ence of concomitant infections or the presence of 
malaria. Our experience bears out the view that 
reticulocytosis may play a role in determining the 
size of red cells, since 67% of the patients in the 
present series had an increased reticulocyte count, 
although this may have been due to an undiscov- 
ered infection, since 17 of the patients had fever 
not accounted for by the usual clinical and lab- 
oratory procedures (clinical examination, x-ray 
chest films, stool and urine cultures). Likewise 21 
of the 30 patients examined had an increased sedi- 
mentation rate. Admittedly this is not an accurate 
index of infection in the presence of anemia. 

In relation to the blood volume studies it should 
be emphasized that a high percentage of the pa- 
tients (64%) had an increase in plasma and total 
blood volume above normal values based on body 
weight. The findings in 25 patients on whom 
blood volume measurements were made are in 
agreement with those obtained by Price’® in pa- 
tients with secondary anemia resulting from oc- 
cult bleeding. The values in normal subjects 
obtained with the method used in the present 
study also arein agreement with those reported by 
Price.'* 

The results are not in agreement with those re- 
ported by other workers'’-!* who made blood vol- 
ume determinations in patients with nutritional 
anemia. McMichael and Sharpey-Schafer” found 
hypovolemia in 22 patients with chronic anemia 
and discovered a close correlation between the 
degree of anemia and decreases in blood volume; 
Henschel et al."* reported a decrease in total blood 
volume with an increase in plasma volume. Re- 
cently, Tasker! studied 74 patients with chronic 
nutritional anemia and found that while the 
blood volume decreased progressively with inten- 
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sification of the anemia, the plasma volume re- 
mained essentially constant, with the drop in 
blood volume largely accounted for by the de- 
crease in red-cell volume. In the present study 
there were no cases with a decrease in blood vol- 
ume despite marked anemia, and only 9 patients 
(36%) of the 25 on whom the examination was 
done had normovolemic oligocythemia. 

Electrocardiographic changes in chronic ane- 
mia have been described by Sanghvi et al.,?° the 
most frequent findings, in decreasing order, being 
ST- and T-wave changes, P-wave changes, pro- 
longation of electrical systole, and left ventricular 
hypertrophy and strain. These changes were pres- 
ent in 85% of their cases, compared with 39.4% in 
the current series in which the most frequent al- 
teration was low voltage. The group of patients 
studied by these workers included women and 
this may account for part of the differences ob- 
served. These changes possibly are due to anoxia 
and not to the hookworm infection itself. 

Regarding treatment, it was found that tetra- 
chloroethylene given without a purge is effective 
against hookworms. The effectiveness of this 
method of treatment has been well demonstrated 
by Carr et al. and by Pinto et al.” 

In view of the findings of a dimorphic type of 
anemia it is felt that in areas where protein defi- 
ciency is outstanding a trial of folic acid would be 
worthwhile in this type of patient. 


SUMMARY 


Detailed clinical history and physical examina- 
tion, including a dietary inquiry, x-ray chest 
films, and parasitological, hematological and bone 
marrow studies, were carried out on 39 patients 
with hookworm anemia; electrocardiographic ex- 
aminations were made on 33 and plasma and total 
blood volume determinations, on 25 of these sub- 
jects. 

The hematological studies revealed a hypo- 
chromic microcytic type of anemia in which aniso- 
cytosis, poikilocytosis, polychromatophilia and 
reticulocytosis were usually present, but with a 
high percentage of patients showing marked 
macrocytic changes accompanied by a rather high 
percentage of megaloblasts in the bone marrow 
and hyperplasia of the erythrocytic and eosino- 
philic series. The blood volume was above normal 
in 64% of the patients; the remainder had a nor- 
movolemic oligocythemia. The most frequent 
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electrocardiographic changes present were low 
voltage, prolongation of electrical systole, sinus 
tachycardia and ST- and T-wave changes. 

The anemia and associated abnormalities were 
corrected by anthelmintic treatment, given on 3 
consecutive days and without a purge, along with 
iron therapy and adequate diet. 
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THE CULTIVATION OF TRICHINELLA SPIRALIS IN VITRO* 
CHARLES W. KIM 


Department of Microbiology, New York Medical College, Flower and Fifth Avenue Hospitals, New York, 
New York 


Attempts to culture parasitic stages of nema- 
tode parasites of vertebrates in vitro have been 
made repeatedly by many investigators. Hoeppli, 
Feng and Chu! were able to keep various nema- 
todes alive in sterile artificial media, but were 
unable to obtain much growth or tissue differ- 
entiation from any one of them. Although Stoll? 
obtained partial differentiation of the parasitic 
stage of Haemonchus contortus, he was not able 
to obtain sexual differentiation. Ackert, Todd and 
Tanner® reported growth of young larvae of 
Ascaridia lineata following removal from their 
natural habitat in the chicken intestine to culture 
media. Pitts and Ball‘ reported that although 
complete exsheathing of Ascaris lumbricoides 
suum larvae did not occur in vitro, an increase 
in length and some internal development were 
observed. More recently, Weinstein and Jones** 
have cultured sexually mature adult worms of 
Nippostrongylus muris in vitro. McCoy’ at- 
tempted to grow Trichinella spiralis larvae in 
Maitland culture. Although most of them re- 
mained alive for 4 or 5 days or longer, none of 
them showed any sign of development. He ob- 
served that normal adult trichinae could develop 
only within living chick embryos. Levin* re- 
ported that sexual development of T. spiralis 
larvae failed to occur when cultured in vitro, 
although they remained alive up to 11 days. 
Using the roller tube tissue culture, Weller? was 
able to culture 7. spiralis from larva to a suf- 
ficiently advanced adult to be differentiated 
sexually. 

In view of these findings, particularly that of 
Weller,® a study was undertaken to determine 
whether 7’. spiralis could develop in a less com- 
plex medium of 50% chick embryo extract supple- 
mented with various types of sera. 


MATERIALS AND METHODS 


Preparation of 50% chick embryo extract (CEE w»). 
The procedure for the preparation of the 50% 


* This investigation was supported by research 
rant E-2702 from the National Institutes of 
Jealth, U. S. Public Health Service. 
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chick embryo extract was essentially the same 
as that used by Weinstein and Jones,’ with 
slight modifications. Eight- to ten-day-old em- 
bryos were removed aseptically from eggs onto a 
sterile watch glass embedded in CO, ice. The 
watch glass was covered with the top of a sterile 
Petri dish. A combination of penicillin and 
streptomycin was added to the embryos and 
Tyrode solution either before homogenization or 
immediately following it. The supernatant fluid 
from the homogenate, which was the 50% chick 
embryo extract (CEEs), was stored in serum 
bottles at —20°C until needed. 

Preparation of culture media. Various ratios of 
the 50% chick embryo extract (CEEs0) and 
chicken,t ox,f rat, or rabbit§ serum were used as 
the culture media. In preliminary experiments 
Tyrode solution was also used as a culture 
medium but was discarded because the larvae 
failed to develop and became vacuolated, al- 
though they remained alive throughout the 
period of cultivation. The media were usually 
freshly prepared on the day of the initial inocu- 
lation and of each transfer, but occasionally 
media prepared in advance and stored at —20°C 
were used. Screw-cap culture tubes (16 x 125 
mm) and culture dishes (30 x 12 mm) with tops 
were used, each tube receiving 1.6 or 2 ml and 
each dish 3 ml of medium. 

Isolation and standardization of larvae. The 
procedures for the isolation and standardization 
of larvae were essentially the same as those 
described by Larsh and Kent,’ with minor 
changes. The larvae were obtained from mice 
which had been infected for at least 5 weeks 
previously. The head and feet of the infected 
mice were cut off. Following digestion for 2 hours, 
the contents were filtered through four layers of 


t Microbiological Associates, Bethesda, Mary- 
land; also from fresh chicken cells obtained from 
an abattoir in New York City. 

t Ultrafiltrate (Simms) from bovine serum, pH 
7.2 to 7.4, Microbiological Associates, Bethesda, 
Maryland. 

‘} ficrobiological Associates, Bethesda, Mary- 
and. 
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gauze. The supernatant fluid was suctioned off 
down to approximately the 50-ml marking. The 
three times at 15- to 20 
minute intervals with warm sterile 0.85°; NaCl 
and then finally washed with and suspended in 
pH 7.2 


incubation of 


larvae were washed 


warm sterile Tyrode solution 
The 
desired number of larvae was introduced directly 
Both tube and 
dish cultures were prepared in duplicate 


Inoculation and cultures. 
into each culture tube and dish 
Tube 
cultures were incubated at 37°C in a roller drum 
turning at the rate of 12 revolutions per hour 
The dish cultures were also incubated at 37°C. 
Examination and transfer of cultures. The cul 
(x60) at 
between the 


tures were examined microscopically 


specified intervals of cultivation 


17th and 96th hour. In a few ot the preliminary 
experiments the cultures were examined at 
periods up to 138 hours 

iseptically at 24-hour 


tubs 


Transfers were mack 


The 


rinsed with warm Tyrocde 


intervals content of each culture, 
solution to recover all 
larvae, was transferred to a 10-ml 
tube. These placed in- the 


allow the larvae to settle; the 


centrifuge 
were incubator to 
sedimented larvae 
were transferred to new culture tubes containing 
fresh media and replaced in the roller drum 
Dish 


manner, 


cultures were transferred in a_ similar 


Following each examination of the cultures, 
larvae were removed and preserved in warm 4% 
formaldehyde for detailed morphologic study and 
photomicrography 

Sterility tests were made early in the study by 
inoculating the initial and terminal culture media 
broth 


unnecessary to 


However, it 
this, 


into thioglycollate was con 


sidered continue since all 
cultures proved to be steril 


The 


were: the development of sheath(s 


criteria of development of the worms 


* @Y idence ol 


molt: development of the reproductive organs; 


and change in size 


Statistical analyses. Student’s “t’’ test was 


used to determine the statistical significance of 


the observed differences in measurements of 


larvae and developing worms. A value of 0.01 


was accepted as significant 


EXPERIMENTAL PROCEDURES AND RESULTS 


Preliminary trials in which 100 to 400 larvae 
were cultured in tubes and dishes containing 4 


parts CEE; to 1 part serum (various type), 
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CEEs9 without serum, or Tyrode solution alone, 
showed survival and development of the worms. 
Earliest evidence of preparation for molting was 
found between the 17th and 24th hour of culti 
vation, and earliest evidence of sexual differenti 
at about the same time. By the 
138th hour the worms had become highly vacu 
olated and lacked any definite internal structure. 
Dish cultures facilitated the examination of the 
worms and proved to be 


ation was seen 


as effective as tube 


cultures inasmuch as identical developmental 
changes of the worms occurred in both types of 
cultures. 

On the basis of these findings the following 
procedure was adopted. 
The 


Procedures. consisted of 7 fol 


medium I-A 


media 
lowing components Cl and 
chicken serum (1:1); medium I-B Cl and 
chicken serum (4:1); medium I-C CEEso and 
chicken serum (1:4); medium II-A CEE 59 and 
ox serum (1:1); medium II-B = ‘Eso and ox 
(4:1); medium III-A = CEEso and rat 

rum (1:1); medium ITI-B = CEEs50 and rat 
rum (4:1); medium IV-A = CE 
‘rum (1:1); medium IV-B = Ck 


‘rum (4:1); 


. and rabbit 


and rabbit 
CEEs9 without 
was discontinued 


and medium V = 
Medium I-C 


following the first experiment because it was 


‘rum (control). 
found that in a high concentration of serum, in 
spite of early development of reproductive organs 
and evidence of molts, degeneration of the worms 
occurred earlier than it did in media with lower 
concentration of serum or without serum. Both 
tube and dish cultures were used in experiments 
with media I-A, I-B, I-C, II-A, and II-B; but 
only tube cultures were used for media III-A, 
III-B, IV-A, and IV-B. Inocula of 300 to 600 
larvae and 400 to SOO larvae were introduced 
tube dish respectively, in 
experiments that utilized media I-A, I-B, and 
I-C. However, the number was increased to 1,000 
larvae in the experiment utilizing media I-A and 


into and cultures, 


II-B, and to 1,200 in experiments with media 
III-A, III-B, IV-A, and IV-B. Twelve to twenty- 
four or more worms were selected at random from 
duplicate cultures and examined at the following 
hours of cultivation: 17, 21, 24, 41, 45, 48, 65, 
69, 72, 89, 93, and 96 

To determine size, developing worms were 
removed and preserved in warm 4°; formalde 
hyde, and 10 males and 10 females from each 
medium selected at random were measured indi 


vidually according to the procedure reported 
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The 24th and 48th hours 


selected for measuring the worms because it was 


previously." were 
observed that during this period, the worms were 
to be 
sexually differentiated without difficulty, and did 


most active, had developed sufficiently 


not yet show any sign of degeneration. 
Results 


each of the culture media, they showed vigorous 


When the larvae were introduced into 
activity. Their anterior ends vibrated rapidly 
suggesting that they were feeding. Their motility 
decreased as cultivation continued although they 
remained alive throughout the cultivation period. 
\s the worms prepared to molt, they retracted 
from their sheaths posteriorly and anteriorly. The 
earliest development of the first sheath in female 
worms was observed at 17 hours in some of the 
worms cultivated in all media. The development 
of the first sheath in male worms was observed 
for the first time in some of the worms cultivated 
in medium I-A at 17 hours; in media I-B, I-C, 
II-A, and II-B at 21 hours; and in media III-B 
and IV-B at 24 hours. Thickening and shortening, 
earliest evidence of first molt, was first observed 
at 17 hours in a few worms, mostly females, culti 
vated in media I-A, I-B, I-C, III-A, III-B, IV-A, 
IV-B, and V; and at 24 hours in medium II-B. 
to be off, 


The first sheath, when ready cast 


Fig. | 
tion from a second sheath in preparation for a sec 


Me 


Posterior end of female showing retrac 


ond molt while still within the first sheath 


dium I-A; 24th hour. X 800 


Ww. 


Fig. 2 


tion from a newly 


Posterior end of female showing retrac 
without 
Medium VY; 21st 


formed third sheath 
having completed the first molt 


hour. X S00 


thin and delicate, 


but many of the worms did not complete the 


appeared to be somewhat 
molt. They began to retract from a second sheath 
in preparation for a second molt while still within 
the first sheath (Figure 1). The development of 
the second sheath in female worms was observed 
for the first time in some of the worms cultivated 
in media I-B, III-A, III-B, IV-A, IV-B, and V 
as early as the 17th hour; and in media I-A, I-C, 
II-A, 


the second sheath was observed for the first time 


and II-B at the 21st hour. In male worms 


in some of the worms cultivated in medium I-A 
at 17 medium I-B at 21 
medium IV-A at 24 hours; in media 
V at 41 hours; and in media II-A, III-A, and 
IV-B at 45 hours. A few female worms in media 
I-A, I-B, I-C, and IV-A, and in medium III-A, 


at 41 and 45 hours, respectively, appeared to be 


hours; in 


II-B and 


hours; in 


thicker, shorter, and to have developed further 


internally than was observed earlier. This proba 
bly indicated that they had molted for the second 
time. 
Still 
worms that failed to complete their first molt, 


further development was observed in 
retraction from a third sheath, so that one 
sheath lay within the other (Figure 2). The 
development of the third sheath in female worms 


1.€., 


was observed for the first time in a worm culti 
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Fic. 3. Posterior end of male showing well de 


veloped conical three 
sheaths, the third sheath showing a cast of the 


conical papillae. Medium LV-B; «K S800 


papillae enclosed within 


5th hour 


medium V at the 17th hour; 
quently it was seen in one each in media II-B 
and IV-B in one in medium I-B at 
$1 hours; and in one in medium IV-A at 45 hours. 
The third sheath in male worms was observed for 
the first time in media IV-B and II-B at 45 hours; 
$8 hours 


vated in subse 


at 21 hours; 


then in medium V at Retraction from 
a fourth sheath without having completed any 
molts was observed in a male 
\ at 17 hours; in 


vated in medium I] 


worm cultivated in 
medium | a female worm culti 

\ at 45 hours; and in another 
medium V at 93 
\ female worm with six distinct sheaths 
I-B at 41 This 
was the maximum number of sheaths observed. 


female worm cultivated in 
hours. 
was observed in medium hours 

The development of the male genital organ, 
conical papillae, was observed as early as the 
17th hour of cultivation in a small percentage of 
worms that had retracted from the first sheath 
\, I-C) and in one that had retracted 
from a fourth sheath without having completed 
the first molt (medium I-A). By the 45th hour a 


few worms, while enclosed within two or three 


(media I 


sheaths, showed development of the conical 


papillae in all media (Figure 3 
of the 


observed at 


The development 
first 
a small percentage of 
worms cultivated in media I-A, II-A, and V; but 


vulva in female worms was also 


17 hours in 
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in.general it was seen later and less frequently 
than the conical papillae in the male. Although 
development of other female organs, such as 
uterus and ovary, facilitated the identification of 
female worms, their identification based exclu- 
sively on the development of the vulva was 
somewhat difficult. Identification of male worms 
based on the development of testes was also 
easier than that based on the development. of 
conical papillae. 


The size of the worms decreased significantly 


from the 
larval to the developing adult stage was sig 
nificant at the 24th hour and still more significant 


during cultivation. Decrease in size 


at 48 hours. The means of the female worms 
from the different media ranged from 0.812 mm 
to 0.875 mm at 24 hours, and from 0.602 mm to 
0.784 mm at 48 hours and the differences were 
not significant. The means of the male worms 
from the different media ranged from 0.641 mm 
to 0.749 mm at 24 hours, and from 0.455 mm to 
0.609 mm at 48 hours. At the 24th hour, the male 
worms cultivated in medium IV-B (mean, 0.749 
mm) were found to be significantly larger than 
those cultivated in media II-A (mean, 0.641 mm) 
III-A (mean, 0.672 mm); and at the 48th 
hour, the male worms cultivated in medium V 


and 


(mean, 0.609 mm) were found to be significantly 
larger than those cultivated in media I-A (mean, 


Fic. 4. Worm, within its sheath, beginning to 
turn from anterior to posterior region. Medium 
II-B; 21st hour. x 240. 
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Fic. 5. Worm 


return to anterior trom posterior region 
III-A; 48th hour x 480 


within its sheath, beginning to 
Medium 


O.511 


0.455 mm 


, 1-B 
, IV-A 


(mean, 0.483 mm) 


mm mean, 0.490 mm), II-B (mean, 


mean, 0.505 mm), and IV-B 


Several worms in all the media were found to 


be turning within their sheaths (one or more) 
from the anterior to posterior region (Figure 4), 
and back again to the anterior region (Figure 5). 
This appeared to be a continuous process, for it 
was observed at all observation periods from the 


2ist to the 96th hour 


DISCUSSION 


The results of this study demonstrate that it 
is possible to cultivate 7. spiralis from the larval 
to the adult stage in embrvonic extract. However, 
ol ol 


several media showed developmental changes 


only a small percentage worms in each 
Complete development never occurred, 
\lthough numerous morphological studies of 
T spiralis have been made, there is ho general 
agreement in regard to the number of molts that 
Kreis!” 
studied the developing larvae by recovering them 


larvae undergo during development. 
at regular intervals from infected rats and con 
cluded that the female passed through four molts 
th 


states that the male also undergoes four molts. 


and male through three. Weller.’ however, 


In the present study, most of the worms showed 


“incomplete molts’’ so that they were enclosed 


W. KIM 


sheaths. If each sheath can be 
considered to be indicative of an eventual molt, 
then it be said that both the female and 


the male undergo four molts, since both were 


within several 


can 


seen retracted within four distinct sheaths. The 
first molt was observed for the first time in a few 
the 17th This 
finding is in agreement with Weller? who observed 
the first molt at the 16th hour. Although most of 
the worms did not complete the second molt in 


worms at hour of cultivation. 


this study, a few females were observed under 
going what appeared to be the second molt 
between the 41st and 45th hour. Weller® observed 
the second molt at about this same time (48th 
hour). Kreis'? observed the four molts at much 
at about the 4th, 12th, 48th, 
and 72nd hour, respectively, after ingestion. This 


earlier periods, 1.€., 


is to be expected, however, since molting under 
natural conditions would be likely to occur in a 
much shorter period of time. The six distinct 
sheaths observed around a female worm in one 
of the media at 41 hours probably represented an 
unusual response to an abnormal environment. 

Although sexual development of the worms 
was not complete, by the 17th hour of cultivation 
the sexes could be differentiated in many of the 
\ few of the male 
worms showed developing conical papillae at 17 


worms without great difficulty 


hours although this was more evident in a greater 
number of worms at later periods. According to 
Kreis,” the development of copulatory appen 
dages in the male normally takes place at about 
the in the 
female worm was observed also for the first time 


ISth hour. The developing vulva 


at the 17th hour, although not as frequently as 


the conical papillae in the male. Chandler, 
\licata, and Chitwood" reported that ‘‘one molt 
was obtained after ingestion and the cuticle of 
the resultant nema passed uninterrupted over the 
vulva, indicating that at least one more molt 
be Weller’ 
reported that the vulva was not seen until the 
worm had retracted from the third sheath. The 


present finding seems to suggest that, although 


would necessary before maturity.” 


sexual maturity is incomplete, sexes can be 
differentiated as early as the 17th hour. 

The decrease in the size of the worms during 
cultivation observed in this study was noted also 
by Weller.’ This finding is interesting from the 
standpoint that the same effect was observed on 
larvae grown in the abnormal environment of liv 


ing chick embryos’ and in worms recovered from 
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immunized mice." The significance of the differ- 
ences in the size of the male worms in the several 
media cannot be adequately explained, inasmuch 
as other developmental changes in the worms 
from all the media appeared to be similar. 

The observation of worms turning within their 
sheath was interesting, and it may shed some 
light on the actual process of development of the 
worms, if it can be determined whether this occurs 
in the normal environment of a suitable host or 
whether it is merely a response to an abnormal 
environment. 

Further investigations to attempt to obtain 
more advanced development of the worms are 
being undertaken. 


SUMMARY 


Although the level of development encountered 
in the normal environment of suitable hosts was 
not attained in culture, the present findings 
indicate that Trichinella spiralis can be cultivated 
from the larval to the developing adult stage of 
sexual differentiation in culture media containing 
50% chick embryo extract (CEEs0) in chicken, 
ox (ultrafiltrate), rat, or rabbit serum, and 
CEEs without serum. Many of the worms, both 
females and males, did not complete their molts 
so that they lay retracted within at least four 
distinct sheaths. If each cuticular sheath indicates 
one molt, this finding indicates that at least 4 
molts are characteristic of both females and 
males. The worms decreased, rather than in- 
creased, in size during cultivation. 
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THE FATE OF HELMINTH EGGS AND PROTOZOAN CYSTS IN 
HUMAN FECES INGESTED BY DUNG BEETLES 
(COLEOPTERA: SCARABAEIDAE)* 
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Louisiana 


Earlier studies have demonstrated that dung 
beetles are abundantly attracted to human stools, 
quickly bury them, and consume large quantities 
of feces.! These activities presumably affect the 
survival and dissemination of Ascaris, hookworm, 
and other enteric parasites of man which occur in 
the stools. Evaluation of the epidemiological role 
of the beetles requires information concerning the 
fate of parasite eggs and cysts in ingested and 
buried feces and the effect of the beetles’ activities 
on the exposure of man to contaminated soil or 
other possible sources of infection. 

To determine whether dung beetles conserve 
and transport ingested human enteric parasites, 
their excrement and digestive tracts were exam- 
ined after they had fed upon feces containing eggs 
or cysts. Two series of experiments were con- 
ducted, the first at Tulane University Medical 
School in 1952 by Elden G. Burcham under the 
direction of the senior author, and the second at 
the Regional Health Laboratory of the Georgia 
Department of Health, Waycross, Georgia, 
during the summer of 1954. 


MATERIALS AND METHODS 


Beetles were collected in the field in traps' 
baited with non-infected human feces or from 
burrows under cattle dung. Five of the larger 
species of dung beetles (two tumble bugs, Canthon 
laevis (Drury) and C. vigilans Lec., and three 
dung-burying beetles, Phanaeus vinder MacL., 
Ph. igneus MacL., and Pinotus carolinus Linn.) 
were selected for these studies because of their 
abundance, feeding capacity, copious defecation, 
and ease of manipulation and dissection. One 
specimen of another large species, Deltochilum 
(Fabr.), included incidentally. 
Beetles collected in the field produced excrement 


gibbosum was 


that was remarkably free of eggs, worms, or pro- 


tozoa, and those used in the experiments con- 


* This investigation was supported in part by 
research grant G-4102 from the National Institutes 
of Health, U. 8. Public Health Service. 
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tained no intestinal parasites although spirurid 
larvae were sometimes present in the hemocele. 

The parasite-bearing fecal food for the beetles 
was obtained from the stools of clinic patients in 
New Orleans and rural residents in Georgia. Esti- 
mates of the number of contained helminth eggs 
or protozoan cysts were based upon counts in 
several 1- to 2-mg samples of feces examined as 
direct unstained or iodine-stained films. The para- 
sites variously present in the 16 human stools used 
included eggs of Ascaris lumbricoides, Necator 
americanus, Trichuris trichiura, and cysts of 
Entamoeba coli, Endolimax nana, and Giardia 
lamblia. Feces from a dog containing hookworm 
and tapeworm eggs were also used in the first 
series of experiments. 

Beetles were confined singly or in groups in a 
covered container and allowed to feed freely on 
parasite-bearing feces for varying periods of time. 
The container used in the first series was a glass 
fish bowl containing a layer of sand upon which 
was placed a metal jar lid bearing a mass of feces. 
A cigar box was used in the second series of ex- 
periments, with the feces spread in a thick layer 
on a large glass slide which was centrally placed 
directly on the floor of the box. To prevent 
tumble bugs (Canthon) from rolling balls, which 
they commonly do if a mass of feces is available, 
the fecal material was sometimes applied to the 
slide as a thick aqueous suspension. In the second 
series of experiments the fecal food was blackened 
by thoroughly mixing it with powdered animal 
charcoal, and microscopic charcoal granules 
could be identified in all gut contents and excre- 
ment examined for the presence of eggs or cysts. 
Whereas beetles fed readily on freely available 
feces, especially after having had no food for 
several days, they would not accept food while 
immobilized by attachment to supports. Despite 
repeated attempts, no way was found to feed 
beetles under conditions that would prevent 
external contamination with fecal food. 

Excrement for examination was obtained from 
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deposits in the feeding chamber or from beetles 
induced to defecate by immersion in water. The 
excrement is extruded as a strand which is en- 
closed in a peritrophic membrane and accumu- 
lates as a coiled mass behind the beetle as it 
remains stationary and feeds for extended 
periods. When feeding is at the edge of the food 
supply the excrement is thus deposited at body- 
length distance from, and free of direct contami- 
nation by, the food. 

The digestive tract was removed by dissection 
in saline solution, after washing and scrubbing 
the beetle with a brush to reduce possible 
contamination of internal organs by feces ad- 
hering to the body surface. 

The excrement or the contents of the entire 
gut were examined in direct smears or after 
treatment by brine or zine sulfate centrifugal- 
flotation? to concentrate contained eggs or cysts. 
Preliminary ether-formalin sedimentation of gut 
preparations, preceding zinc sulfate flotation, 
facilitated the detection of protozoan cysts. 


OBSERVATIONS 
Amount and Rate of Food Ingestion 


The general pattern of food consumption by 
beetles examined for ingested parasites is indi- 
cated by the following quantitative observations. 

A feces-bearing slide exposed to eight Canthon 
laevis which had had no food for the preceding 2 
days decreased 660 mg in weight in 1.5 hours, or 
about 82 mg per beetle and 55 mg per beetle per 
hour. On successive days the same beetles con- 
sumed all the feces offered each time: 1.346 grams 
in 4.25 hours, 1 gram in 3.5 hours, and (7 beetles) 
1 gram in 3 hours. The average amounts con- 
sumed were 168, 125, and 143 mg per beetle and 
36 to 47 mg per beetle per hour. Although some 
loss of weight of the fecal food should be at- 
tributed to drying and adhesion to the exterior 
of the beetles, it is evident that the amount con- 
sumed in these trials was at least 50 mg and 
perhaps as much as 150 mg per beetle. A strand 
of excrement 3.5 cm long from one beetle weighed 
28 mg. This indicates that the alimentary canal, 
which is 17 cm long and has a tubular diameter 
throughout similar to the strand of excrement, 
has a capacity in excess of 100 mg of food even if 
the gut contents are less compact than excrement. 
C. laevis (body length, 10 to 18.5 mm) is the 
smallest of the species used in these experiments. 
Pinotus carolinus (20 to 30 mm), the largest 
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species, has correspondingly greater feeding 
capacity. Three specimens provided with 1 gram 
of feces consumed this amount overnight at an 
unknown rate. 

In Phanaeus vindex (body length, 14 to 20 mm) 
charcoal mixed with fecal food appeared in the 
middle of the midgut 30 minutes after the be- 
ginning of feeding and throughout the midgut 
within 2 hours. 

The feeding capacity and the presence of 
labeled feces in the gut of all beetles examined in 
the second series of experiments indicate that the 
amount of food eaten was sufficient to contain at 
least hundreds, and usually thousands, of hel- 
minth eggs or over 100,000 protozoan cysts, at 
the concentrations present in the various stools 
used as food. 


Effect of Ingestion on Helminth Eggs 


In the first series of experiments direct smears 
of excrement from 13 Canthon laevis, 2 Phanaeus 
vindex, 4 Pinotus carolinus, and 1 Deltochilum 
gibbosum were examined after the beetles had 
variously fed during 24- or 48-hour periods on 
feces containing helminth eggs in natural or 
augmented numbers as follows (per mg): Ascaris 
240, Trichuris 1 (4 Canthon); Ascaris 90, Trichuris 
1 (3 Canthon, 1 Phanaeus, 1 Pinotus); Necator 100 
(3 Canthon, 2 Pinotus); Necator 35 (1 Phanaeus, 1 
Pinotus, 1 Deltochilum); and canine hookworm 
33, Taenia 8 (3 Canthon). 

No eggs were detected in the excrement of 16 
of these beetles, including all Canthon. The ex- 
crement of one Phanaeus and three Pinotus con- 
tained ingested eggs. The comparative concentra- 
tions of the eggs in the excrement and in the food 
(ratio per mg) were for Phanaeus—Ascaris 5:90, 
Trichuris 6:1; for one Pinotus—Ascaris 10:90, 
Trichuris 3.5:1; and for two Pinotus—hookworm 
7:35 and 1:100. The recovered Trichuris eggs 
appeared unchanged, but Ascaris and hookworm 
eggs showed varying degrees of alteration. Ascaris 
eggs had the albuminoid covering usually partially 
or completely missing and the shell sometimes 
disrupted, while hookworm eggs were intact but 
appeared disorganized internally. These observa- 
tions indicate that Canthon somehow destroyed 
ingested eggs of hookworm, Ascaris, Trichuris, 
and Taenia, and that Phanaeus and Pinotus, 
while allowing perhaps most Trichuris and a few 
Ascaris eggs to pass unaltered through the diges- 
tive tract, also destroyed or mechanically dam- 
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aged most of the hookworm and Ascaris eggs 
ingested. 

In the second series of experiments larger 
numbers of beetles were fed charcoal-laden feces 
containing Ascaris or Necator eggs. The contents 
of the digestive tract as well as excrement were 
examined directly or after treatment by flotation 
methods to concentrate any eggs present in 
individual or pooled specimens. Charcoal granules 
could be recognized throughout the length of 
each digestive tract and in all excrement exam- 
ined for eggs. Naturally infected feces used for 
food, obtained from ten human stools which had 
been stored in the refrigerator from 1 to 18 days, 
contained Ascaris eggs in the unsegmented stage 
and hookworm eggs in two- to eight-celled stages, 
as in freshly passed feces. In one instance noted 
below, the food was normal feces seeded with 
Ascaris eggs that had been incubated for several 
weeks in 3% formalin and contained living 
second-stage larvae ready to hatch. 

Canthon laevis, C. vigilans, Phanaeus vindez, 
and Ph. igneus were examined from 1 to 48 hours 
after the beginning of feeding on feces containing 
Ascaris eggs, 22 to 46 per mg, and/or hookworm 
eggs, 9 to 35 mg. Ingested eggs were sought in 
the digestive tracts of 50 Canthon and 26 Pha- 
naeus and in samples of excrement from 32 
Canthon and 17 Phanaeus, by means of 75 direct 
smears and 56 zinc sulfate or brine concentrates. 
Digestive tract and excrement were sometimes 
from the same beetle, and some specimens were 
examined by both direct and flotation methods. 

Ingested hookworm eggs were never, and 
Ascaris eggs only rarely, detected in the digestive 
tracts and excrement of Canthon and Phanaeus. 
Canthon were examined 63 times for hookworm 
eggs and 50 times for Ascaris eggs. The only eggs 
found were Ascaris: one in the gut of one C. 
laevis, by direct examination, and one in a brine 
flotation of the pooled excrement of seven C. 
laevis, after feeding periods of 3 hours on feces 
containing 46 eggs per mg. The egg in the gut was 
recovered from one of five beetles that had 
ingested cultured embryonated eggs. The egg 
contained a larva, but no free Ascaris larvae were 
found in the gut or tissues of any of the five 
beetles. Phanaeus were examined 33 times for 
hookworm eggs and 39 times for Ascaris eggs, 
but again eggs were detected on only two occa- 
sions and these were Ascaris. Direct examination 
of the gut contents of two Ph. igneus, which had 
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fed more than an hour on feces containing 46 
Ascaris eggs per mg, revealed one crushed egg in 
one and two intact eggs in the other. No other 
crushed eggs or particles resembling egg shells 
were seen by direct examination or by flotation 
of the gut contents of Canthon and Phanaeus at 
any interval after feeding. 

Each of nine Pinotus carolinus that had in- 
gested feces bearing 46 Ascaris eggs per mg (6 
beetles during a 4-hour period and 3 during the 
24 hours preceding examination) contained 
numerous eggs in direct smears of the alimentary 
tract. All the eggs were devoid of the albuminoid 
outer covering and many were crushed. The eggs 
from the beetles that had fed for 24 hours were 
incubated in 3% formalin. They developed 
normally and contained second-stage larvae after 
18 days. Four Pinotus were fed a watery suspen- 
sion of feces containing 30 hookworm eggs per 
mg during a 6-hour period. Direct smears of the 
gut contents of each revealed 9 to 17 eggs per 
mg. The eggs appeared unaltered but were not 
tested for viability. 

These observations indicate that practically all 
ingested Ascaris and hookworm eggs are regularly 
destroyed by Canthon and Phanaeus, but that 
many survive and are excreted by Pinotus. 

The results of both series of experiments com- 
bined are summarized in Table 1. 


The Site of Egg-destruction in Beetles 


Since eggs were not recovered in the pharynx or 
esophagus of Canthon and Phanaeus immediately 
after feeding, the mouth parts appeared to be 
responsible for egg-destruction. The material 
throughout the lumen of the digestive tract was a 
paste-like mass of very small particles, with 
ingested charcoal granules finely divided in 
Canthon and Phanaeus but not greatly reduced 
in size in Pinotus. Study of the mouth parts and 
alimentary canal disclosed that they are essen- 
tially similar in the three genera, although the 
organs in Pinotus are larger. The only grinding 
structures present are the molar lobes of the 
mandibles, there being no proventriculus nor 
other masticating teeth or spines in the digestive 
tube. (Morphological details are reported sepa- 
rately.*) 

An attempt was made to eliminate the grinding 
action of the mandibles in beetles feeding upon 
infected feces. The left mandible of each of 11 
Canthon laevis was removed by disarticulating it 
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TABLE 1 


Recovery of helminth eggs in digestive tracts and excrement of dung beetles 1 to 48 hours after ingestion of 
egg-bearing feces* 








| Numbers of specimens 
examined by direct 


Proportion of beetles in which 
eggs were found after ingestion 


Number of eggst fed and re- 


of feces containing covered from positive beetles 





smear and by flotation 
(respectively) 


Ascaris 
22-240/mg 


Hookworm|Trichuris 


9-100/mg | 1/mg Fed 


Recovered 








| Gut 12, 
Excr.{ 24, 
Gut 4, 
Excr. 6, 
Gut 16, 
Excr. 9, 


31 
15 


Canthon laevis 





Canthon vigilans 
Phanaeus vinder 
Gut 12, 


Excr. 8, 
Gut 13, 


Phanaeus igneus 
Pinotus carolinus 


Excr. 4, 





1/23 
1/25 
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* No eggs were recovered in the excrement of 3 Canthon laevis which had ingested canine tapeworm 
eggs (8/mg of food) or from 1 Deltochilum gibbosum which had ingested hookworm eggs (35/mg). 

t Eggs per mg of fecal food, gut contents, and excrement, with exception of numbers in parentheses 
which indicate total number recovered. A, Ascaris; H, hookworm; T, Trichuris. 


t Excr., beetle excrement. 


with a fine insect pin. These beetles exhibited all 
the activities of feeding, including the sweeping of 
feces to the mouth by the maxillae. They made 
repeated attempts to eat but were unable to 
ingest food and produced no excrement. The 
entire digestive tract was removed from eight 
beetles after 5 hours and from two after 20 hours 
in the feeding box with feces containing hook- 
worm eggs. Neither fecal material nor charcoal 
was present in the tracts, and no hookworm eggs 
were recovered from them by brine flotation. 

A fecal suspension containing Ascaris and 
hookworm eggs was inoculated into the mouths 
of one Canthon and one Phanaeus, using a 0.5-ce 
tuberculin syringe and a no. 26 needle inserted 
past the mandibles into the pharynx. Normal 
eggs were found in the midgut contents of both 
beetles 4 hours later. 


The Recovery of Ingested Protozoan Cysts 


Five groups of beetles were fed for 2 to 5 hours 
on charcoal-marked feces from three stools which 
contained 2,000, 3,500, and 5,000 Entamoeba coli 
cysts per mg along with smaller numbers of 


Endolimax nana and Giardia lamblia cysts. The 
excreta of 9 Canthon laevis and the digestive 
tracts of 23 C. laevis, 2 C. vigilans, and 6 Phanaeus 
igneus were examined for the presence of cysts. 

Direct zine sulfate floats from digestive tracts 
comminuted in saline solution contained many 
fat globules which interfered with recognition of 
cysts. This difficulty was circumvented by com- 
minuting the tracts in 10% formalin, adding an 
equal volume of ether, and centrifugalizing the 
mixture. The surface material and supernatant 
fluid were discarded, and then the remaining fat- 
free sediment was subjected to zinc-sulfate 
centrifugal-flotation. This method produced good 
yields of recognizable cysts and hookworm eggs 
when tested on feces equivalent in amount to the 
intestinal contents of five C. laevis. 

A few cysts were recovered in freshly-voided 
excrement of C. laevis which contained charcoal: 
one E. coli in direct smears of 3 mg of pooled 
excrement of four beetles and a few Entamoeba 
and Giardia in the entire zinc-sulfate float of 200 
mg of pooled excrement of five beetles. 

Only a few cysts were recovered in the diges- 
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tive tracts of Canthon spp.: E. coli, E. nana, and 
Giardia in the pooled tracts of nine beetles (8 C. 
laevis, 1 C. vigilans) by zinc sulfate flotation, and 
a few E. coli by the ether-zinc-sulfate method 
from the gut of one C. vigilans and two pools 
(five tracts in each) of C. laevis. No cysts were 
found in the ether-zinc-sulfate preparation of 
another pool of five digestive tracts of C. laevis. 

Many E. coli cysts were found by the ether- 
zinc-sulfate method in the pooled digestive tracts 
of five Ph. igneus which had fed on the same feces 
(5,000 cysts per mg) as had five C. laevis from 
which only three cysts were recovered. The same 
technique yielded no cysts from the digestive 
tract of another Ph. igneus which had ingested 
feces containing 3,500 E. coli and 300 Giardia per 
mg. 

These results indicate that Canthon spp. de- 
stroyed almost all of the protozoan cysts which 
they ingested, while Phanaeus swallowed many 
in recognizable condition. 


DISCUSSION 


The digestive tracts and excreta of many 
beetles were thoroughly examined for ingested 
eggs by the methods described, with highly uni- 
form results in respect to each species of beetle. 
Since eggs were readily found in the digestive 
tract when ingested by Pinotus or inoculated into 
the mouths of Canthon and Phanaeus, consistent 
absence or rarity after ingestion by Canthon and 
Phanaeus is regarded as dependable evidence 
that they were in fact rare or few, and not merely 
overlooked or lost to any significant extent by 
ineffective methods of recovery. 

Both morphological and experimental observa- 
tions indicate that eggs and cysts in the fecal 
food of the beetles are not rejected, but that they 
are ingested and may be destroyed so completely 
that their remnants cannot be recognized in the 
gut or excrement. Intermixture of small parasitic 
objects with food elements 


larger precludes 


mechanical rejection by the mouth parts. (In one 


experiment, seven Canthon consumed all of a 
supply of feces containing thousands of hook- 
worm eggs, but zinc-sulfate flotation of the diges- 
tive tracts and of excrement and detritus scraped 
from the feeding box revealed no eggs in the 
beetles and only 23 in the box.) On the other 
hand, the molar areas of the beetles’ mandibles 
are microscopically adapted to grind the food 
thoroughly and finely.* The grinding efficiency is 
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evident from the crushed and abraded condition 
of Ascaris eggs recovered from Pinotus and 
Phanaeus in contrast to their unaltered condition 
when inoculated behind the mandibles of Pha- 
naeus and Canthon. Charcoal dispersed in the 
food also appeared more finely ground in the gut 
of Canthon and Phanaeus, in which eggs were 
seldom found, than in that of Pinotus, from which 
eggs were regularly recovered. 

Canthon, Phanaeus and Pinotus in Georgia 
frequently contained spirurid larvae in the body 
cavity, either free or encysted. The spirurids of 
domestic animals which are known to have dung 
beetles as intermediate hosts lay embryonated 
eggs that are excreted in the feces of the verte- 
brate host and hatch only after ingestion by the 
insect. The occurrence of these larvae in the 
beetles suggested the possibility that Ascaris 
larvae in ingested eggs might escape the destruc- 
tion suffered by unembryonated eggs. However, 
when incubated Ascaris eggs containing fully 
developed larvae were fed to five Canthon laevis, 
only one egg was recovered in the pooled digestive 
tracts and no larvae were found anywhere in the 
beetles. If the eggs and larvae of the heteroxenous 
spirurids are actually less susceptible to destruc- 
tion, they must possess some protective adapta- 
tion that is lacking in the monoxenous Ascaris. 
It is also possible that the chances of survival of 
spirurid eggs are enhanced by their great abun- 
dance in the beetles’ food. The infection of dung 
beetles by helminths is considered in greater 
detail elsewhere.* 

Comparable studies on the fate of the cysts and 
eggs of human intestinal parasites when ingested 
by cockroaches are cited by Roth and Willis.‘ 
Cysts and trophozoites of Giardia and Entamoeba 
histolytica when ingested by various species of 
roaches survive in the intestines and are passed 
in the excrement for as long as 12 days. Helminth 
eggs can pass through roaches unharmed. Chand- 
ler® observed that Ascaris, Trichuris, and hook- 
worm eggs were not destroyed by the chewing 
mouth parts of Periplaneta americana, but rela- 
tively few seemed to survive the grinding action 
of the proventriculus. Akkerman® concluded from 
more extensive experiments that probably many 
more hookworm eggs survive in and through 
roaches than the methods of recovery revealed. 
Little’: * fed embryonated Ascaris and Tozocara 
eggs to roaches and found that very few survived; 
many were ruptured, presumably by the pro- 
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ventriculus, and viable larvae were rarely 
recovered. However, roaches were invaded by 
filariform larvae of Ancylostoma caninum through 
ingestion as well as by external penetration and 
contained living larvae in the intestinal lumen up 
to 4 days and in the Malpighian tubules as long as 
80 days. Roaches also are intermediate hosts of 
acanthocephalid and spirurid worms and become 
infected by ingesting eggs of these worms. It is 
thus apparent that in roaches as well as beetles 
the survival of ingested helminth eggs varies in 
degree as a result of mechanical and biological 
factors. Many eggs are swallowed and reach the 
crop intact in roaches, but only some survive the 
grinding action Dung 
beetles, which lack a grinding proventriculus, 
may destroy or injure most eggs by the more 
efficient mandibles before swallowing them. In 
insects that have neither the mouth parts nor the 
proventriculus fitted for grinding, the mechanical 
destruction of eggs would seem least probable. 
Experiments with muscid flies, which fall into 
this category, have demonstrated that Ascaris 
eggs can survive ingestion by both larval and 
adult flies and may even be carried through the 
pupal stage and occur, uninjured and alive, in the 


of the proventriculus. 


excreta of flies bred from infected maggots.® Cysts 
of Entamoeba histolytica ingested by adult flies 
are excreted in viable condition." 

The consistent absence or extreme rarity of 
eggs or cysts in the digestive tract and excrement 


of Canthon laevis and C. vigilans after the inges- 
tion of amounts of feces that contained them in 
large numbers indicates that these species of 
beetles do not disseminate human hookworm, 
through internal 
carriage and excretion. It also seems unlikely that 
they could be transport hosts of monoxenous 


Ascaris or enteric protozoa 


nematodes as a result of infection with larvae 
from ingested eggs. Phanaeus 
vindex and Ph. igneus likewise do not transport 
Ascaris or hookworm eggs internally, although 
protozoan cysts may escape destruction by these 
somewhat larger beetles. Only the largest dung 
beetle adequately tested, Pinotus carolinus, 
regularly permits the passage of Ascaris and 
hookworm eggs into its digestive tract; many are 
probably destroyed but appreciable numbers 
survive ingestion and could be excreted in a via- 
ble condition. There is some evidence that Trichu- 


embryonated 


ris eggs can pass through both Phanaeus and 
Pinotus, but not through Canthon. Thus of five 
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species of beetles tested, the smallest was most 
efficient and the largest least efficient in de- 
stroying eggs and cysts by ingestion. Whether 
still smaller untested species would equal Canthon 
laevis in efficiency may depend upon mechanical 
factors discussed in the report on the morphology 
of the alimentary system. 

To the extent that dung beetles destroy in- 
gested Ascaris and hookworm eggs, they diminish 
the number of these eggs in the soil. The beetles’ 
activities, however, also involve the transport of 
uningested eggs on their exterior surfaces as well 
as in the feces that they bury in the soil at or near 
the site of stool deposition. Since the beetles 
ordinarily are found only outdoors and have no 
propensity to alight on man or his food, organ- 
isms carried externally on the beetles do not 
constitute a likely source of direct infection for 
human beings. While contaminated beetles may 
fly considerable distances, it is doubtful that the 
numbers of eggs disseminated in this way are of 
any epidemiological significance. Destruction of 
eggs by the beetles supplements the removal of 
Ascaris eggs from the surface of the soil and thus 
further reduces chances of man’s infection from 
this source. However, experimental evidence at 
hand indicates that the beetles, by distributing 
uningested eggs in the soil by their burrowing and 
burying activities, promote rather than suppress 
the development of hookworm larvae around the 
site where a stool is deposited. Thus, despite the 
destruction of ingested eggs, the net effect of 
beetle activity is to increase the potential hook- 
worm infectivity of defecation areas. 


SUMMARY 


The digestive tracts and excrement of dung 
beetles were examined after ingestion of human 
feces containing the eggs of hookworm, Ascaris, 
and whipworm, and cysts of Entamoeba coli, 
Endolimaz, and Giardia. Practically no eggs and 
few cysts were recovered from Canthon laevis 
and C. vigilans, and no Ascaris larvae were found 
in the former after the ingestion of embryonated 
eggs. From Phanaeus vindexr and Ph. igneus 
unaltered whipworm eggs and more cysts, but no 
hookworm and few Ascaris eggs, were recovered. 
Only Pinotus carolinus, the largest species, regu- 
larly contained and excreted ingested eggs. Re- 
covered Ascaris eggs were decorticated and some- 
times crushed, but many from the gut of Pinotus 
proved viable when incubated. Destruction of 
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eggs and cysts is attributed to the grinding action 
of the beetles’ mandibles, which is evidently least 
efficient in Pinotus. Although dung beetles may be 
significant in other ways in the dissemination of 
hookworm, the species most abundantly attracted 
to human stools destroy ingested eggs of this 
parasite and of Ascaris and do not transport 
them internally. 
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necessary to control the temperature of a subject 


biological studies it is often desirable or 


under investigation or of the medium in which it 


is contained. In many investigations, organisms 
or substances must be observed under the micro 
scope during which time it may be necessary to 
remove them from their natural environment or 


from an artificially controlled environment such 
is an incubator or other similar laboratory appa 
ratus. A variety of controlling devices have been 
designed for these procedures including the warm 
For most biological observations a 
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plate is properly controlled and measured. The 
glass plate is set in an aluminum frame which is 
electrically insulated from the electrical coating 
with sheet.7+ This 
an aluminum sheet about 
thick. An opening 3.5 
the center of the aluminum and 
insulation sheets provides the transparent work 
Bakelite handles are attached to the 
two ends of the aluminum frame to facilitate its 
handling while hot 


an insulation insulation is 
finally 
0.045 


diameter 


covered with 


inch inches in 


In 
ing area, 
\ flexible two conductor cord 
is attached to the plate, one end of which is con 
nected to each silvered strip while the other end 
is terminated in a standard a.c. male plug. This 
plug is connected to the variable autotransformer 
as indicated in Figure 2 

The double-bead probe contains two separate 
and small bead-type thermistors. These beads 
are mounted side-by-side at the end of a 6-inch 
length of stainless steel hypodermic tubing 0.095 
inch in outside diameter. The beads are insulated 
attached to 
them, cemented into the tubing with an CPOXS 
It 


placed on the glass heating-plate or in a liquid 


from each other and, after leads are 


cement is this end of the tubing which is 
medium. One bead controls the temperature ot 
the plate by being connected to an a.c. bridge 
while the other bead de 
termines the actual temperature of the plate or 


and electronic circuit 


medium, being connected to a d.e. bridge circuit. 
The 


Figure 1 


thermistor-thermometer circuit shown in 
a de 
microammeter calibrated in degrees Centrigrade 
and/or Fahrenheit. Calibration of this circuit to 


read temperature correctly is performed by de 


bridge containing a 0 to 50 


is 


pressing the switch to “CAL” as shown in Figure 
1 and moving the slider of the 5000 ohm control 
until the meter needle is at a special calibration 
line on the meter scale. R1 is preset to give the 
required deflection at this special calibration line 


so that the gradual decrease of voltage of the 


1.5 
R2 


volt dry cell may thus be compensated for. 


t The insulation sheet was Quinterra Type 3, 
Stock No. S 2-418, thickness 0.009 inch, and was 
furnished by Johns-Manville Company, Balti 
more, Maryland 
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Warm stage circuit 


the power going through the autotransformer to 
the glass heating plate 
The variable autotransformer is included to pre 
vent the glass heating plate from overshooting 
\ switch brings it in or out 
When 


transformer is out of the glass plate circuit and 


the set temperature 


of the power circuit the variable auto 


the power re lay is closed, the a.c. line is applied 
directly to the glass heating-plate and the desired 
When the 


approximate desired temperature is indicated by 


temperature is reached most rapidly 


the thermistor-thermometer, the autotransformet 
is switched into the circuit and set as deseribed 


below 


General Operation of Apparatus 


When controlling the temperature ol the glass 
plate, the end of the 
double-beaded probe is fastened to the plate 


temperature-sensitive 





BLOLOGICAL 


FIG 2 


surface by means of electrical tap preferably ol 
When it is desired to control the 
temperature of a medium, the probe is placed in 


a glass type 


the volume and the container placed on the glass 
plate. The apparatus is plugged into the 115 volt 
Phi 


switched out of the heating circuit to allow most 


a.c. line and turned on iutotransformer is 
rapid heating. When the temperature of the plate 
or medium is approximately at the desired point, 
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Biological warm stage in position for operation 


operates at proper time intervals and 


marked 
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Applications of the Warm Stage 


The warm stage is designed for use with either 
a dissecting or compound microscope and fune 
tions as two distinct instruments: a warm stage 
and a thermistor-thermometer. As a warm stage, 
When used with the 


dissecting microscope, the examination and dis 


it has many applications 


section ol arthropods may be accomplished at 
\lso, the action taking 
place while mosquitoes are feeding on a sugar 
blood maintained at 
various temperatures can be observed. Cultures 


controlled temperatures 


solution or heparinized 


of Trichomonas vaginalis and Entamoeba _ histo 


lytica may be observed under the compound 


microscope for several hours. The apparatus may 
be 


used as an aid in mounting specimens in 


glycerin jelly by keeping the medium in a liquid 
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ECHO VIRUS TYPE 7 INFECTIONS IN A CONTINUOUSLY OBSERVED 
POPULATION GROUP IN SOUTHERN LOUISIANA* 


WOLF W. HENIGST,f HENRY M. GELFAND,{ DOROTHY R. LeBLANC anp 
JOHN P. FOX$§ 


Division of Epidemiology, Department of Tropical Medicine and Public Health, Tulane University School 
of Medicine, New Orleans, Louisiana 


In a recent comprehensive review of the nat- 
ural occurrence of the Coxsackie (C) and ECHO 
(E) groups of enteroviruses, Gelfand! has em- 
phasized the general ubiquity of members of 
these groups, the basic similarities of their pat- 
terns of occurrence to that of the polioviruses, 
and the typically subclinical nature of the result- 
ing infections. He further has pointed out that 
lack of definite information concerning recogni- 
tion of certain members of these groups in vari- 
ous geographic areas does not mean that the vir- 
uses in question have not been or will not at 
some time be present in the specified area. This 
follows from the short time during which tech- 
niques for detection of the agents have existed, 
the selective requirements for the isolation of 
certain of them, i.e., type of tissue culture or 
use of suckling mice, and the rather sporadic 
nature of the search in general. 

Although E7 virus was first reported in 1954, 
having been recovered from healthy children in 
Cincinnati, there have been relatively few sub- 
sequent published observations as to its current 
or prior occurrence. Actual isolations of virus 
have been reported from various parts of the 
United States including Washington, D. C.,3 
Charleston, West Virginia,s and Louisiana‘ 
and from Egypt,® Sweden,’ Japan,’ and India.°® 
Serologic surveys have confirmed its prior pres- 
ence in most of the above areas and also in 
Munich, Germany.® 

The present report describes the occurrence 
of E7 virus in southern Louisiana as discovered 
during the continuing observation, 1953-1957, 
of numerous families who were participating in a 


* Aided by a grant from the National Founda- 
tion, Inc. 

+ Present address: Staatliche Bakteriologische 
Untersuchungsanstalt, Munich 3, Germany. 

t Present address: Enterovirus Unit, Labor- 
atory Branch, Communicable Disease Center, 
Atlanta 22, Georgia. 

§ Present address: Division of Epidemiology, 
Public Health Research Institute of the City of 
New York, Inc., New York 9, New York. 
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study of the process of natural immunization 
against poliomyelitis! The occurrence of E7 
virus observed is considered of special interest 
since it appeared to reflect an epidemic of in- 
fection without clear association with related 
disease. 


METHODS 


This report is based chiefly on the study of 
specimens collected during 1954, 1955 and 1956 
from members of 115 households participating 
in the Louisiana study and distributed about 
equally in three main areas, urban New Orleans, 
urban Baton Rouge and the semi-rural region 
to the west of New Orleans designated as the 
Evangeline area (see Table 2)." Households 
were admitted (1) because there was a newborn 
infant who served as the index child; and (2) 
because they helped to complete desired quotas 
representing Negro or white upper or lower eco- 
nomic segments of the population and, within 
these, families with 1, 2 or 3, or 4 or more children. 
Fecal specimens were collected once each month 
from the index child and any siblings born sub- 
sequently through 1955. During 1956 biweekly 
specimens were obtained from all children under 
15 years of age. Blood specimens were obtained 
annually and in relation to poliovirus infection 
episodes from all family members, and monthly 
through 1955 from the index children. 

As collected, the fecal specimens were prepared 
as 20% extracts in routine tissue culture main- 
tenance medium fortified with extra penicillin 
and streptomycin." These extracts were stored 
at —20°C until tested. 

Virus isolation and identification tests and 
serum neutralization tests were all conducted in 
stationary primary monolayer tube cultures of 
rhesus monkey kidney cells, prepared and 
handled according to standard techniques as 
described elsewhere." Each fecal extract was 
inoculated in 0.1-ml aliquots into 4 cultures which 
were observed for 6 days. The pooled culture 
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fluids were then routinely passed once to two 
more cultures. This routine was designed to 
insure isolation of polioviruses. Fluids from cul- 
tures manifesting cytopathic effects (CPE) 
were passed further in 107 dilution mixed with 
equal aliquots of appropriately diluted poly- 
valent grouping antisera and ultimately with 


TABLE 1 


New infections with ECHO type 7 virus detected 
by virus isolation in individuals 
and households, 1954-1956 





Infections in 





Individuals 


| Family 
ae associates 


children All 


Siblings | Parents 


0] 1 
1 | 18 
1 | 100 





9 
- 
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indicated monovalent antisera (both prepared in 
our own laboratory in rabbits) to identify the 
viral isolate. These typing sera covered polio- 
viruses, ECHO types 1 to 14 and Coxsackie types 
A9 and B1 to B5. If these efforts at identification 
failed, the isolates were titrated and aliquots 
containing 100 ID5o per 0.1 ml were retested with 
monovalent monkey typing sera for the same 
range of viruses (prepared by Dr. H. A. Wenner) 
and diluted to contain 20 antibody units per 0.1 
ml. For serum neutralization tests single or serial 
2-fold dilutions of serum were mixed with proto- 
type E7 virus diluted to contain 100 IDso per 
0.2 ml inoculum of serum-virus mixture. Usually, 
each serum-virus mixture was inoculated into 2 
cultures. These were read when CPE in control 
cultures receiving 100 IDs» virus only was com- 
plete, usually on the 5th or 6th day. 


OBSERVATIONS BASED ON VIRUS 
ISOLATIONS 


During 1954-1956 there were 207 isolations of 
E7 virus from 119 persons belonging to 55 fam- 
ilies. As indicated in Table 1, there were 100 
individual infections in 1956 and only one in 


TABLE 2 


New household infection episodes* with ECHO type 7 virus, 1954-1956, by geographic 
area and month 





No. | 
| households | 


No. episodes initiated in indicated month 





observed | 
| | 





42 
30 
43 


Evangeline | 
Baton Rouge | 
New Orleans 





Total 115 





42 
30 
43 


Evangeline 
Baton Rouge 
New Orleans 





Total 





Evangeline 
Baton Rouge 
New Orleans 





Total 


All Total 


1/0 


rlxylalslol|n 


> 
= 


—_ 





5 | 7 
| 2) 5) 





s|12|10; 1] 1 





* Infection in 1 or more family members constitutes a household episode. 
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TABLE 3 


Distribution of persons infected in 1966 with ECHO type 7 virus by age and duration of 
fecal excretion of virus* 





Per cent of persons excreting virus for 
indicated number of monthst 


| Total no. 
observed 


Period of virus 
excretion (month) 





1.0 


29 


| | | 
| 15 | 2.0 os | 2 


25 


25 


10+ 


14 


| 224 Mean Median 


| 


| 
| 
pee - 4 
| | 





2.5 | 


7 
mt 
9.5 | — 


| 
| 





All ages 


19 





" ie 8 Sen | 0.76 | 


1.0 
| | 








* Based on children from whom specimens were collected twice weekly during 1956. A few children 
who were still shedding E7 virus in the last specimen collected in December, 1956, have been excluded 
because the non-polio isolates obtained in 1957 were not fully studied. 

t Recovery of virus in a single specimen has been considered to indicate excretion for 0.5 month, in 


2 specimens for 1.0 month, etc. 


TABLE 4 


Percentage of children by age who were exposed 
to infection in families containing 3 or more 
children and from whom ECHO type 7 virus was 
isolated in 1956 





Age (years) No. exposed % infected 





16 
17 
18 
27 
19 
21 
10 





128 





1954. Over-all, 44 infections were in index chil- 
dren and 73 in their older or younger siblings; 
from only 2 parents were isolates obtained. In 
interpreting these data, it must be recalled that 
siblings were sampled as frequently as index 
children only in 1956 and that in no period were 
specimens obtained routinely from parents. 
The 55 household infection episodes are dis- 
tributed in Table 2 by year, month, and study 
area. E7 was first detected in Baton Rouge in 
December, 1954, and January, 1955. In the rest of 
1955 additional single episodes were detected in 
July and October in Baton Rouge and 11 in 
August through October in New Orleans. In 
1956 all 3 areas were nearly equally represented 
with episodes largely concentrated in the period 


July through September. Despite the obvious 
seasonal increase in prevalence, it should be noted 
that new episodes occurred in all months but 
March and April. Major occurrence of episodes 
was limited to 1956 except in New Orleans 
where a nearly equal number of episodes also 
was detected in 1955. Interestingly, in New 
Orleans 4 families experienced an episode in 
each year; and, in 3 of these, the same child be- 
came reinfected after from 10 to 12 months. A 
similar occurrence of reinfection in 5 infants a 
year after primary infection has been reported 
recently from Italy."* Rather peculiarly, the 
frequency of infection episodes did not seem to 
vary significantly with race or socioeconomic 
status. 

Data obtained in 1956 when specimens were 
collected from all children twice a month permit 
some description of the pattern of fecal excretion 
of virus. In Table 3 duration of excretion by age 
in 96 infected children is presented. The over-all 
mean duration was 0.76 months (median 1.0 
month), and the maximum observed duration 
was 3.5 months. In general, children under 5 
years tended to shed virus for a somewhat longer 
period than did older children; however, there 
was great individual variation and the longest 
observed periods of excretion, 3 to 3.5 months, 
were in older children. Virus titers were deter- 
mined for 32 specimens. Early in infection titers 
were much higher than at later times. The maxi- 
mum log titer observed was 7.5 per gram of feces 
and the median for all 32 specimens was 5.5. 
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TABLE 5 
Three typical household episodes of ECHO type 7 virus infection 





| 
| Antibody titer 
(1:x) 


Household no., soc.-econ. 


Family 
status, and area 


status 


Age | 
| (years) > 
| Jan. 
1956 


| 


=f 





No. 152, white upper, New | F 
Orleans | M 
Child | 
Child | 
Child 
Child | 








No. 3, white lower, Evan- | F 
geline area M 
Child 
Child 
Child | 





No. 121A, white lower, New | F 
Orleans | M 
| Child | 
Child | 
Child | 
| Child 
| Child | 
| Child 
| Child | 


Fecal virus* detected in indicated month of 1956 





Jan 


1957 June July Nov. 





NS 








NS 
NS 


NS 
NS 
NS 
NS 
NS 
NS 


E7 
E7 
E7 | 











* Virus isolates designated: 
t Indicates no antibody in 1:2 serum dilution. 
t NS—no specimen collected. 


E7—ECHO 7; Pi—poliovirus type 1; UN—unidentified virus. 


§ Other titers for this child: Jan. 1954, 1:64; Jan. 1958, 1:16. 


For comparison median log titers of some other 
enteroviruses in this same study group were 4.5 
for E8; 3.0 for E12; and 5.0 for polioviruses. 

Within infected households (defined by the 
recovery of E7 virus from at least one member) 
the occurrence of infection was related to age. 
Virus isolations in 1956 by age are shown in Table 
4 for members of families containing 3 or more 
children. Below age 3 nearly 90% of children 
shed virus as compared with 40% in the group 
10 to 14 years of age. The youngest child infected 
was 49 days old. Since specimens were obtained 
from adults only irregularly, no statement can be 
made as to relative frequency of adult infections. 
However, that adults may become infected was 
shown by the recovery of virus from the mothers 
in 2 Negro families. 

Something of the familial pattern of infection 
is shown in Table 5 which records 3 household 
episodes observed in 1956. In family no. 152 all 


4 children were shown to excrete virus and all 
possessed neutralizing antibody in January, 1957, 
apparently for the first time. In family no. 3 
all 3 children excreted virus despite the fact that 
the 2 older ones were previously immune. Al- 
though infection in these older children led to 
no increase in antibody, that in the youngest 
child was followed by sero-conversion. A more 
complex situation was obtained in family no. 
121A. Of 7 children, 2 were immune before the 
episode. E7 virus was not detected in the feces of 
these 2 children or in those of the 2 older non- 
immunes, but was found to be shed by the 3 
youngest non-immune children. However, on 
the basis of sero-conversion, only the oldest non- 
immune child (age 10) escaped infection. Un- 
fortunately, as in most of the families, routine 
fecal specimens were not obtained from the 
parents. However, examination of the parental 
sera collected in January, 1956, and January, 
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1957, yielded no indication that parental infec- 
tion had taken place in these households. In 
particular, neither of the 2 non-immune fathers 
developed antibody. However, amongst all 
households infected in 1956, sero-conversion 
during 1956 was demonstrated for 1 of 9 non- 
immune fathers and 2 of 4 mothers. All told, 
there were 20 families in which 3 or more children 
were infected during the household episode; 
with a rare exception, all children in a single 
family who became infected began to excrete 
virus in the same month, thus indicating the 
rapidity with which intrahousehold spread occurs. 
Although the families under observation were 
requested to maintain a record of illness among 
family members, this was done with obviously 
varying reliability. Scrutiny of the illness records 
revealed only occasional coryza-like _ illness, 
often with fever, during the periods of E7 virus 
excretion. No member of the study group was 
hospitalized for infectious illness during such a 
period. Independently, all of some 160 patients 
admitted to New Orleans Charity Hospital 
during July-December, 1956, with illness sug- 
gestive of poliomyelitis were subjected to careful 
virologic study. Fecal specimens from 3 of 
these yielded E7 virus: one was a patient with 
paralytic disease whose paired sera revealed a 
rise in type 1 poliovirus antibody; the other two 
manifested only aseptic meningitis and, for 
one of these, serologic evidence of infection with 
mumps virus was obtained. It seems clear that, 
despite what must have been a very extensive 
community-wide epidemic of E7 virus infection 
(at any given time during July—October, 1956, 
about 10% of the 3-year-old index children were 
excreting virus), there was no obvious coincident 
wave of serious neurologic illness either in the 
community or within our study population; 
nor, in the study population, was there a clearly 
recorded wave of homogeneous minor illness. 


SEROLOGIC OBSERVATIONS 


~ 


As suggested in Table 5, infection of non- 
immune persons almost always resulted in sero- 
conversion although reinfection of persons al- 
ready seroimmune usually did not result in a 
significant rise in neutralizing antibody. Per- 
sistence of antibody was studied in two ways. 
In a group of 8 children experiencing their first 
infection in 1955, it was possible to obtain 
and examine sera taken as long as 20 to 25 months 
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post-infection. Although some decline from peak 
titers was usual, antibody persisted in all with 
the final titers ranging from 1:8 to 1:128. As an 
alternative approach, comparative simultaneous 
titrations were made of 26 pairs of sera collected 
from as many persons in January, 1954, and in 
January, 1958; in each instance the 1954 speci- 
men had been shown to contain E7 antibody, 
and in no instance was there known subsequent 
household exposure to infection. The median 
titer of the 1954 sera from 10 children 7 to 9 
years of age was 1:64 and fell, by 1958, to 1:32. 
For 16 older persons, the median titer remained 
constant at 1:16 during the 4-year period. Al- 
though individual titers usually were fairly 
stable, declines in titer occurred in two instances 
from 1:128 or 1:256 to less than 1:8. Thus, it 
would appear that, once developed, neutralizing 
antibody to E7 virus usually persists for a reason- 
ably long, if not indefinite, period. This suggests 
that screen-testing sera from a representative 
sample of a population should reflect the prior 
E7 infection experience of the population with 
fair reliability. 

With a test for neutralizing antibody in 1:10 
final dilution of serum used as the screening 
procedure, sera collected at the end of 1955 from 
472 members of the households under observa- 
tion were examined. Sera were collected at this 
time for poliovirus antibody determinations from 
all of the more than 800 members of the house- 
hold study group, but only these 472 were in 
sufficient volume to permit the additional test 
for E7 antibody. The inadvertent result of this 
selection was that older individuals in general 
and, amongst the Negroes, larger families were 
overrepresented. Nonetheless, since analysis 
with respect to socioeconomic status failed to 
reveal differences, the age profile of sero-immu- 
nity illustrated in Figure 1 probably is a reason- 
able reflection of prior E7 infection in southern 
Louisiana. By 7 to 9 years of age 66% were im- 
mune, and above age 20 a plateau was reached 
at about 75%. The dotted line in Figure 1 plots 
from Table 4 the per cent infection by age, as 
determined by virus isolation, among child 
members of households experiencing infection 
episodes in 1956 and serves to illustrate the ex- 
pected inverse relationship between infection 
and immunity. 

Analysis of the serologic data by sex shows no 
difference (31.3% positive for males and 30.5% 
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for females) among children up to 14 years of 
age. For persons 15 years and older there is indi- 
cated a possibly significant difference (66.3 and 
81.1%, respectively, for males and females) that 
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may reflect the mother’s greater opportunity to 
renew her immunity by reinfection from her 
children. 

The virus isolation studies indicated, as illus- 
trated in Table 5, that E7 virus, like the polio- 
viruses, tends to spread quickly through house- 
holds to infect most of the non-immune members 
and to reinfect some of those already immune. 
This concept is further supported by the typical 
familial patterns of seroimmunity shown in 
Table 6. This records the distribution of im- 
munity as of January, 1956, in 16 families which 
contained 3 or more children of whom at least 
one possessed E7 antibody. The general pattern 
again resembles that seen with poliovirus anti- 
body in that, with one exception (household no. 
57), all older siblings of the youngest child with 
antibody also were immune. Amongst the par- 
ents, however, 5 fathers and 2 mothers lacked 
demonstrable antibody. Of some interest, infec- 
tion detected by virus isolation occurred in 6 of 
these families during 1956. As also indicated in 
Table 6, these infection episodes involved nearly 
all of the non-immune children. Exceptions were 
2 in family no. 17, who at the time were experi- 
encing infection with CB4 virus (possibly illus- 


TABLE 6 
Distribution of neutralizing antibody to ECHO type 7 virus in 16 families as of January, 1956 
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*F, M = father, mother; 81, S82, etc. = 


sibling 1 (the oldest), sibling 


t Neutralizing antibody tested for in 1:10 final dilution of serum; (+) and (—) used to indicate 
presence or absence; NS indicates no serum specimen available. 


~N = Negro; W-U = 


white upper economic; W-L = white lower economic. 


§ Virus infections observed during 1956 indicated: V = E7; B = Coxsackie B4 isolation concurrent 


with E7 in older sibling. 


|| E7 infection in this instance detected by sero-conversion. 
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trating the interference effect), and sibling 3 in 
family no. 121A. The frequent concurrent infec- 
tion of immune siblings indicates again that 
immunity is not absolute. The fact that only 1 
mother of 5 exposed non-immune parents ac- 
quired infection may indicate either lesser ex- 
posure or, perhaps more likely, persisting im- 
munity with too little antibody to permit detec- 
tion in the 1:10 serum dilution used for screen- 
ing. 


DISCUSSION 


The observations in respect to E7 virus were 
incidental to a study of the ecology of polio- 
viruses. With the routine collection of fecal 
specimens from index children scheduled at in- 
tervals of 1 month, the choice of cultural cell 
type (MKC), the period of observation (6 days) 
of inoculated cultures, and the making of single 
blind culture passage from “negative” cultures 
were all features of the study design which were 
determined by partial knowledge of the fecal 
excretion and cultural requirements of polio- 
viruses. Since homotypic poliovirus was iso- 
lated from more than 90% of index children who 
developed new corresponding antibody,“ it 
appears that this design served very well to de- 
scribe the natural occurrence of polioviruses. 
Obviously, it would serve less well for entero- 
viruses which grow more slowly or not at all 
in MKC cultures or which are excreted for shorter 
periods. 

In point of fact, while E7 virus appears to 
grow readily in MKC cultures, it apparently is 
excreted on the average for a shorter period (24 
or 25 days) than was observed in the case of 
polioviruses (51 days).* Further, the systematic 
effort to detect sero-conversions, made in the 
case of the polioviruses, could not be extended to 
E7 virus; hence, there was no possibility of 
retrospective discovery of infections missed by 
the routine virus isolation procedure. Fortui- 
tously, however, the great majority of E7 virus 
infections occurred in 1956 when fecal specimens 
were collected twice monthly from all children 
under 15 years rather than once a month and 
only from the index children. For this reason, 
it seems probable that our data permit a reason- 
ably complete description of the natural occur- 
rence of E7 virus infection. 

In essence, E7 virus seems to follow very closely 
the pattern of occurrence of poliovirus. The age 
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profile of seroimmunity in the study group indi- 
cates a possibly slightly lesser but essentially 
comparable cumulative prior infection experi- 
ence. The observed occurrence of infection in 
the 3-year period resembled that of any single 
poliovirus type in most essential respects. The 
marked variation in annual prevalence suggests a 
cyclic occurrence similar to that of polioviruses“ 
and presumably determined by the accumulation 
of young susceptibles in the population. The 
seasonal pattern, similar in its June through Oc- 
tober predominance, differs chiefly in the less 
frequent detection of “out-of-season” infections. 
This is possibly attributable to the shorter usual 
period of E7 virus excretion. Nonetheless, the 
observed duration of fecal excretion and the fre- 
quency of “out-of-season” isolations are com- 
patible with the hypothesis that E7 virus per- 
sisted in the population throughout at least the 
2-year period following its initial detection. 
The household episodes suggest infectivity simi- 
lar to that of wild strains of poliovirus and also 
indicate that immunity is associated with sig- 
nificant although only relative resistance to in- 
testinal infection. 

The lack of information suggesting association 
of E7 virus infection with illness must be inter- 
preted with caution. As episodes of poliovirus 
infection were detected, special visits were made 
to the homes to review carefully the recent occur- 
rence of illness in the family in order to supple- 
ment the record which the mother had been re- 
quested to maintain. Since this was not done in 
the case of E7 infections, negative reports were 
of lesser significance. While related minor illness 
therefore may have occurred, it is clear that no 
important neurologic or diarrheal illness occurred 
in the study group. Further, the close monitoring 
of polio-like illness in Charity Hospital during 
the second half of 1956 gives assurance that there 
was no significant wave of associated neuro- 
logic illness in the population at large. However, 
before E7 virus is written off as incapable of 
producing serious illness, one should recall that 
most of the non-immunes who became infected 
were in the very young age group; in another 
setting, with a significantly older susceptible 
population, the result might have been different. 
This apparently silent epidemic of E7 virus in- 
fection in 1956, in which 34% of our index 
children became infected, also serves to empha- 
size the need for caution in investigating disease 
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outbreaks. In a possibly coincidental outbreak 
due to some other agent, many sick children 
might have yielded E7 virus. 

The occurrence of infection with other entero- 
viruses in these same families has been sum- 
marized elsewhere.® Infections with CA9, B2 to 5, 
and E6, 8, 10, 11, 12 and 14 viruses were de- 
tected with some frequency. Except for E10 
(now called reovirus) which showed a winter 
time predominance, the infection patterns basi- 
cally resembled that described for E7 with 
respect to seasonal and annual variation. Peak 
frequencies were observed for CA9, CB4, and 
E8 in 1954; for CB2, CB3, CB5, and E12 in 
1955; and for E10, 11 and 14 viruses in 1956. 
Unfortunately, none of these occurred with 
sufficient frequency (a maximum of 12 or 13 
household episodes in the peak year) to merit 
special study. Indeed, the occurrence of entero- 
virus infections in southern Louisiana was charac- 
terized most importantly by the multiplicity of 
agents present at any given time. 


SUMMARY AND CONCLUSIONS 


During a study of the natural occurrence of 
poliovirus infections in southern Louisiana, 115 
families were kept under continuous observation 
during the 3 years, 1954-1956. In this period 207 
isolations of E7 virus were made in relation to 55 
distinct episodes of household infection. Of these, 
40 occurred in 1956, apparently reflecting a 
major but silent epidemic of E7 infection. 
Analysis of the age-immunity profile and of the 
annual and seasonal occurrence of infection in 
the study group and of the infection and im- 
munity patterns within households suggests a 
very close parallelism between the occurrence 
of E7 virus infection and that of any single 
poliovirus type. 


. Ramos-ALvaREz, M., 
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THAILAND EPIDEMIC HEMORRHAGIC FEVER* 


PRAPONT PLIYARATN 


Department of Pathology, Chu 


During the epidemic of so-called “Thailand 
1958, 
hospitalized at the Chula 
Hospital in Bangkok, 


occurred. Epidemiologic, 


hemorrhagic fever’ in the rainy season of 


many patients were 
longkorn 
deaths 


laboratory 


and several 


clinical and 
manifestations of the disease were 
Yamarat'! and Hammon et al.? 
who also briefly discussed some aspects of the 
Nelson 


5 autopsies 


reported on by 


associated pathology reported on 69 


cases including Isolation of viruses 
ledes 


Hammon 


from sera of surviving patients and from 
aegypti mosquitoes was discussed by 
et al. 

It is the this 


present the pathological findings in 


purpose ol communication to 
fatal cases 
with the hope that the observations may assist 
in establishing the clinicopathological character 


istics of the disease syndrome 


MATERIALS AND METHODS 


\utopsy protocols of the 22 suspected cases of 
“Thailand epidemic hemorrhagic fever” 
the Department of Pathology, 
Hospital Medical School, 


review together with the clinical records 


from 
Chulalongkorn 

available for 
Micro 
scopic slides were recut from the available blocks 


were 


and wet formalin-fixed tissues. They were stained 


with hematoxylin and eosin. Special stains in 
cluding periodic acid Schiff, Masson trichrome 
and Verhoeff were employed as desired. The first 
patient in this series was admitted to the hos 
1958, and the last on November 


2. 1958. After the clinical observations and patho 


pital on July 27, 


logical findings in all 22 cases had been reviewed, 
} cases were excluded either because the clinical 
diagnosis was questionable or the pathological 
findings revealed other lesions contributory to 
death 
this study 


The remaining 18 cases form the basis of 


Clinical Data 


All the patients were children, ranging in age 


from 6 months to 9 years with an average of 3.9 


* This investigation was supported by a re 
search grant (i-2890) from the National Institute 
of Allergy and Infectious National 
Institutes of Health, U.S. Publie Health Service 
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lalongkorn Hospital Vedical School, Bangkok 


, Thailand 


years. Only three were male, in contrast with the 
higher incidence in males reported by Nelson.’ 
Sixteen were Chinese and two, Thai. The high 
incidence in Chinese children has also been ob- 
served by Nelson’ and by Hammon.* 

Kight patients died on the 5th day after clinical 
onset, six on the 4th, three on the 6th and one on 
the 9th. All had skin 
petechiae. With one exception, all developed 


a history of fever and 
circulatory collapse. The liver was palpable in 
sixteen. Four had a history of mélena, one of 
hematemesis, had both. The white 
blood cell counts made on three patients were 
\ chemical test for blood 
in the feces was positive in one case, The urine 


and two 


within normal limits 


of this same patient also contained a few red 
blood cells. Platelet counts, radiographic exami 


nation and bone marrow studies were not done. 


PATHOLOGICAL OBSERVATIONS 
Gross Examination 


Externally, petechiae were present in the skin 
of the extremities and trunk. Internal examina 
tion showed, as a rule, bilateral hydrothorax, and 
ascites. The fluid was clear and straw-colored. 
Petechiae 


served on the pericardium and endocardium of 


Cardiovascular system. were ob- 
the heart. The most striking feature, however, 
was the presence of irregular patches of fresh 
subendocardial hemorrhage in the interventricu- 
lar septum of the left ventricle. Hemorrhage was 
not observed in the atria. The large arteries and 
veins did not reveal significant alterations. 

Respiratory system. In addition to the presence 
of pleural fluid, petechiae were frequently seen 
on the pleura. The cut surface of the lungs was 
intensely red and some specimens showed foci 
of hemorrhage. Atelectasis was frequently noted 
in the posterior portion of the lungs. 

\limentary system. The gastrointestinal tract 
almost always exhibited petechiae on the mucosa 
of the stomach and small and large intestine. The 
gastric content frequently was similar in appear 
ance to coffee grounds and the colonic content 


was tarry. The intestinal lymph follicles were 
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FO. Wage 
*e. 


Fic. 1 (upper left). Section of liver from case no. 6, showing hemorrhage and cellular infiltration in 
capsule. X 120. 

Fic. 2 (lower left). Section of spleen from case no. 5, demonstrating proliferation of large mono 
nuclear cells around an arteriole. X 450 
Fig. 3 (upper right). Section of spleen from case no 
ole with a few large mononuclear cells. K 450 

Fic. 4. Section of lymph node from case no. 16, showing several large mononuclear cells in sinusoids 
x 450 


13, showing intimal hyalinization of an arteri 
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few cases. Cellular infiltration was infrequently 
noted in the peripelvic tissue 

tract. the 


mucosa and submucosa of the entire gastroin 


Gastrointestinal Characteristically, 
testinal tract showed focal congestion of blood 
vessels, sometimes associated with hemorrhage 
The 
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Ktiological study. In this series, no attempt was 
to isolate or identify the etiological agent 
death or 


et al. ‘ 


made 


before it autopsv. However, Hammon 
isolated and identified viruses from sera 


They 


concluded that the viruses isolated probably had 


of nonfatal cases and from mosquitoes 
an etiologic relationship to the disease syndrome.' 
similar to 
Thus, it 


assumed that the etiological agent of the 


These viruses were immunologically 
dengue type 2 and chikungunya can 
only be 
causes in this series is one of the viruses isolated 
by Hammon et al. If there 
causing the disease and deaths, it was not possi 
ble 
the pathological changes observed in this study 
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mon et al.* petechial hemorrhages were present 
in practically all tissues; however, certain other 
interesting findings could be mentioned here. 
Patchy subcapsular hemorrhage of the liver under 
the dome of the diaphragm, as well as patchy 
subendocardial hemorrhage located at the inter- 
ventricular septum of the left ventricle, was an 
apparently characteristic finding not mentioned 
previously.» In Korean hemorrhagic fever, 
subendocardial hemorrhage was present, but was 
characteristically located in the right atrium.*:7 
It should also be pointed out that collection of 
excess fluid in the thoracic and peritoneal cavities 
was repeatedly observed in this series. 

Cellular reaction as characterized by the pro- 
liferation of immature and mature large mono- 
nuclear cells, which was not mentioned by Ham- 
mon et al.? or by Nelson,* was striking in this 
series. This occurred to a greater extent in the 
spleen and lymph nodes and in a lesser degree in 
the lungs and interstitial connective tissue of 
other organs. These cells are not pathognomonic 
of this disease because they may be observed in 
other conditions. However, the marked degree of 
proliferation in this disease is characteristic. In 
Korean hemorrhagic fever, this phenomenon was 
noted by Hullinghorst and Steer,® but the cells 
were thought to be immature leukocytes. Lukes’ 
commented that in fatal cases of Korean hemor- 
rhagic fever such cells sometimes formed clusters 
suggestive of extramedullary hematopoiesis. It is 
noteworthy that in some nonfatal cases mono- 
cytes were increased in the peripheral blood, 
sometimes as high an increase as 10%. The 
granulomatous-appearing lesion of the Mal- 
pighian corpuscles of the spleen was considered 
to be the most specific lesion by Nelson.*? How- 
ever, in this study it was regarded as a nonspecific 
degenerative process which could be encountered 
also in other conditions. 

Pathogenesis. Vascular changes observed in 
this study are basically similar to those seen in 
Korean hemorrhagic fever. In this series the 
clinical observations and laboratory data are so 
inadequate that construction of a definite pattern 
of probable pathogenesis is very difficult. It can 
only be assumed that the pathogenesis of Thai- 
land hemorrhagic fever probably is similar to 
that of Korean hemorrhagic fever. Vascular con- 
gestion and dilatation accompanied by increased 
permeability and hemorrhage indicate the effect 
of injurious agents upon the vascular system. This 
may be the result of direct injury to the endo- 
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thelial cells or nervous tissue by viruses, or of 
biochemical hemodynamic reaction as in shock. 
The amount of protein lost in edematous fluid or 
by hemorrhage is difficult to estimate, but its 
significance in producing circulatory failure has 
to be considered. Cellular proliferation of the 
reticuloendothelial system is considered to be a 
reaction of the body to a generalized, probably 
viral, infection. 

Clinicopathological correlation. It is reasonable 
to assume that the fever also is a response of the 
body to systemic infection that probably is viral. 
The other clinical manifestations presumably are 
the result of vascular alterations as described 
previously. In this series death appeared to be 
the result of severe endothelial injury and hemo- 
dynamic changes which produced circulatory 
failure and hemorrhagic phenomena. It should be 
mentioned also that thrombocytopenia was one 
of the commonest laboratory findings in af- 
flicted patients, as reported by Yamarat,! Ham- 
mon et al.? and Nelson.* This finding could not be 
explained in this study because of inadequate 
material. 

Conclusion. It seems obvious that the clinical 
syndrome designated as ‘Thailand epidemic 
hemorrhagic fever” has certain clinicopathologi- 
cal characteristics which can be singled out from 
those of other known infectious diseases. With its 
probably viral etiology, the disease syndrome 
may constitute a distinct disease entity. Hammon 
et al.* stated that it must be placed in close con- 
junction with the dengue-like diseases. It should 
be noted that the basic pathological findings are 
similar to those observed in Korean hemorrhagic 
fever but they are not identical. This is not to 
infer that they are necessarily caused by the same 
or by asimilar etiological agent. 


SUMMARY 


Eighteen autopsied cases of a clinical syndrome 
designated as “Thailand epidemic hemorrhagic 
fever” were reviewed. Clinical observations, such 
as age, sex, and symptoms, were similar in all 
cases. Pathologically, changes were found which 
were common to almost all of the patients and 
which were distinctly characteristic. The main 
changes were vascular alterations, such as con- 
gestion and vasodilation, edema and hemorrhage, 
and cellular proliferation of reticuloendothelial 
tissue. Interventricular subendocardial hemor- 
rhage of the left side of the heart was striking. 
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Necrosis was conspicuously absent in various 
organs. It is concluded that ‘Thailand epidemic 
hemorrhagic fever” is to be considered as a clini- 
copathological entity, probably caused by certain 
arthropod-borne viruses. 
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INSECTICIDE RESISTANCE OF BODY LICE IN THE SUDAN REPUBLIC 
M. QUTUBUDDIN 


Ministry of Health, Gezira Research Station, Wad Medani, Sudan Republic 


Wright and Brown! ? reported moderate re- 
sistance of body lice to DDT in the Sudan in 
1954. This. was attributed to the widespread use, 
since 1945, of 10% DDT powder to control louse- 
borne relapsing fever. The first recorded epidemic 
of this disease in the Sudan occurred in 1926, in 
which 10,000 deaths were reported in the Zalingei 
district. It had been introduced from neighboring 
French West Africa where it appeared in 1921.* 4 
Before the advent of residual insecticides, control 
measures consisted of quarantine and delousing 
by shaving, bathing, boiling of clothing, and, 
when necessary, burning of huts. Nevertheless in 
the Blue Nile Province 3,000 to 14,000 cases oc- 
curred annually from 1941 to 1945. Thereafter, 
the use of DDT powder became popular and the 
reported cases declined from 462 in 1946 to only 1 
in 1956.° 

BHC has also been used for a long time in the 
Sudan. It has been sprayed twice a year for the 
control of mosquitoes in many urban and rural 
areas and used enthusiastically, as Gammexane 
powder, for dusting beds to eliminate bedbugs. 
This may be the cause of resistance of lice to 
BHC as well as to DDT. This dual resistance is 
evident in the tests here recorded. 


MATERIALS AND METHODS 


Body lice were collected from the clothes of 
various groups of poor people and beggars around 
Medani. Lice of similar size and blood-meal con- 
tent were selected for test purposes. 

The standard World Health Organization 
(WHO) test kit was used to measure the suscep- 
tibility of lice to powders containing 5-fold incre- 
ments of DDT (0.04% to 5.0%), BHC (0.02% to 
2.5%), and pyrethrins (0.0016% to 0.2%). Each 
concentration of insecticide was applied to a piece 
of cloth 12.5 cm square by sifting 0.5 g of the 
powder onto the cloth and spreading it uniformly 
with a clean spatula. Untreated cloths were used 
for control tests. Ten well-fed adult lice, collected 
from the field about 1 hour earlier, were confined 
on the cloth under a Petri dish cover (10 cm in 
diameter), which was pressed down by a weight 
to prevent their escape. The test chamber was 
covered with a hood consisting of carbon paper 
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on a wire framework (15 xX 15 X 15 cm), and 
allowed to remain for 24 hours in the dark. Tem- 
perature during the tests did not exceed 25°C and 
humidity was not above 80%. At the end of the 
exposure period, mortality was determined by 
covering half the dish with carbon paper, holding 
a 200-watt electric lamp close by, and counting 
the number of lice which did not migrate to the 
shaded side within 30 seconds. Experiments in 
which control mortality was 10% or more were 
discarded. 


RESULTS 


The results of tests with DDT and BHC are 
presented in Table 1. Regression lines of probits 


TABLE 1 


Percentage mortality of lice exposed to DDT and 
gamma BHC at various concentrations 
l 
| oO 
Test 70 
concen- 
~~ | tration 





No. | Repli- Probit 


0 
: mor- 
lice | cations tality 











20 | 11.0 
20 | 15.0 
| 62.0 


110 











Gamma BHC 











of percentage mortality against logarithms of 
dosage indicate an LCs of 2.4% for DDT and 
1.15% for BHC. The values obtained about 6 
years earlier by Wright and Brown? were 0.3% 
for DDT and 0.1% for BHC. 

No resistance to pyrethrins was evident: 
0.00167 and 0.008% concentrations produced 
10% mortality while 0.04% and 0.2% killed 
100%. 

DISCUSSION 


Comparison of the susceptibility to DDT and 
gamma BHC of body lice in the Medani area in 
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1954 and 1960 indicates an 8-foid increase in 
tolerance to DDT (a rise in LC from 0.3% to 
2.4%) and a 12-fold increase of tolerance to BHC 
(0.1% to 1.15%). Furthermore, since their mor- 
tality is now less than 100% following exposure to 
5% DDT (62% kill) or 2.5% BHC (94% kill), 
these lice are more than 25 times as resistant to 
each of the insecticides as normal strains which, 
according to information included among instruc- 
tions provided by WHO along with the test kit, 
are known to suffer 100% mortality when exposed 
to 0.2% DDT or 0.1% BHC. 

The regression lines obtained for both DDT 
and BHC are quite flat. In comparison with the 
earlier record, the lines for both DDT and BHC 
have moved to the right without changing slope. 
This may indicate an increase in “vigor toler- 
ance.”’*: 7 It appears that body lice at Wad Me- 
dani have acquired a considerable degree of tol- 
erance to the chlorinated hydrocarbons although 
their susceptibility to pyrethrins remains normal. 


SUMMARY 


Body lice from Wad Medani in the Sudan Re- 
public, tested with the World Health Organiza- 
tion kit, showed an LC of 2.4% for DDT and 
1.15% for BHC. These values indicate, respec- 
tively, an 8- and 12-fold increase since 1954 in the 
tolerance to these insecticides; resistance to either 
insecticide was 25 times that of normal strains of 
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lice. Susceptibility of the lice to pyrethrins was 
normal. 
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INHERITANCE OF RESISTANCE TO DIELDRIN IN ANOPHELES 
ALBIMANUS WIEDEMANN* 


LLOYD E. ROZEBOOM ann RICHARD JOHNSON 


Laboratories of Medical Entomology, Department of Pathobiology, The Johns Hopkins School of Hygiene 
and Public Health, Baltimore, Maryland 


Anopheles albimanus Wied. has become re- 
sistant to dieldrin and to DDT in certain areas 
in Central America where these insecticides have 
been employed in the malaria eradication cam- 
paigns. Through the co-operation of the Pan 
American Health Organization, a colony of the 
population from Santo Domingo, San Vicente, 
E] Salvador, was established in our insectary in 
Baltimore. This population originally showed 
some resistance to DDT as well as a strong re- 
sistance to dieldrin. Following several months of 
colonization, this laboratory population had lost 
much of its resistance to DDT, although its 
resistance to dieldrin remained apparently un- 
changed. Meanwhile, a subcolony was also ob- 
tained of the A. albimanus colony which the 
senior author first established at the Gorgas 
Memorial Laboratory in Panama in 1937. In 
view of the widespread use of insecticides 
throughout the Americas during the past several 
years, the Panama strain was of especial interest 
as it would appear to be one of the few popu- 
lations that had not had extensive contact with 
residual insecticides. The original strain had been 
supplemented with additional material from the 
field following DDT-fogging operations of the 
area in which the Gorgas Memorial Laboratory 
is situated (Duret, personal communication); 
none the less, the population now existing in our 
laboratory exhibits a high degree of susceptibility 
to insecticides and on this basis at least appears 
to be about as close to the albimanus of the 
pre-DDT era as is possible to find. 

The possession of resistant and susceptible 
colonies made possible a study of inheritance of 
resistance to dieldrin. Eggs of both strains were 
sent to the Ross Institute, where G. Davidson 
has been conducting intensive studies of insecti- 
cide resistance with these populations, as well as 
with a number of other mosquito species. David- 
son and Jackson! report the isolation of separate 


* This work was supported in part by research 
grants from the Pan American Health Organi- 
zation and the U. S. Public Health Service. 
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DDT-resistant and dieldrin-resistant strains from 
the El Salvador population, and that the DDT 
resistance shows a monofactorial inheritance with 
the gene for resistance being recessive to its allele 
for susceptibility. 

Studies by Davidson and other authors have 
shown that in general insecticide resistance in 
mosquitoes is monofactorial. The gene for re- 
sistance is recessive in some cases and dominant 
in others. In order to establish the resistance 
characteristics of our laboratory populations, a 
number of tests have been carried out with the 
Panama and Salvador strains, and with several 
hybrid populations. It is the purpose of this 
paper to present the results of these tests of 
susceptibility of adult males and females to 
dieldrin. 


MATERIALS AND METHODS 


The parent A. albimanus colonies have been 
maintained in air-conditioned insectary rooms 
separated by the width of the building, so that 
there has been little if any chance of cross- 
contamination. Rearing of hybrid colonies and 
exposure to insecticides were carried out in a 
third air-conditioned room. 

Larvae were reared in white enameled trays 
lined with paper toweling; there were about 200 
to 400 larvae per pan. The pans containing the 
larvae of the various crosses were maintained in 
one area of the rearing room, so that conditions 
between pans were comparable. Larvae were fed 
powdered Purina dog biscuits. The trays were 
illuminated continuously with a photoflood lamp 
placed about 5 feet from the shelves containing 
the trays. Rearing conditions appeared to be 
optimal, as there was little larval or pupal mor- 
tality and adults were large and seemingly 
healthy. 

To obtain adults for cross-breeding, pupae 
were sexed roughly by size and then distributed 
among test tubes with 1 to 5 pupae per tube. 
Upon emergence, the adults were sexed and 
transferred either to holding chambers or breeding 
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cages. Hybrid populations were established with 
from 100 to 200 individuals of each sex; in certain 
cages additional adults were added from time to 
time. Thus the hybrids were produced by mass 
matings. 

Adults for the insecticidal tests were permitted 
to age for 2 to 3 days prior to their use. During 
this time they were fed sugar water, but not 
blood. These adults, therefore, may be thought 
of as being comparable to those in nature entering 
a house for the first blood meal. Furthermore, 
sugar-fed females perhaps are more nearly like 
the non-bloodsucking males with respect to their 
response to insecticides. 

Susceptibility to dieldrin was determined by 
exposing the adults to the impregnated papers 
which are a part of the World Health Organi- 
zation (WHO) test kit. Exposure was for a 
period of 2 hours. When a sufficient number of 
properly aged individuals of a given population 
had been accumulated, they were distributed 
among 6 or 7 paper-lined WHO test kit holding 
tubes. Whenever possible, 25 mosquitoes were 
placed in each tube, although at times there were 
enough for only about 15 per tube and occa- 
sionally more than 25 were placed in a tube. 
After all holding tubes were filled, the mosquitoes 
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were transferred to the series of exposure tubes 
containing papers impregnated with 0.05, 0.1, 
0.2, 0.4, 0.8, and 1.6% dieldrin in mineral oil; the 
seventh tube, the control, was lined with paper 
impregnated with the mineral oil only. Following 
the 2-hour exposure period, the mosquitoes were 
transferred to disposable paper cups, covered 
with bobbinet at one end, and fed sugar water. 
Mortality was read after 24 hours. Moribund 
specimens, obviously at the point of death, were 
counted as dead. 

In setting up the breeding cage to produce the 
F, generations, 2- to 3-day-old, sugar-fed adult 
males and females of the El Salvador strain were 
subjected to the 1.6 concentration of dieldrin for 
2 hours and after 24 hours the survivors were 
placed in a breeding cage with the opposite sex 
of the susceptible Panama strain. In setting up 
the F; and backcross breeding cages, the F; adults 
were obtained from pupae taken directly from 
the breeding trays. However, one F; population 
was obtained from P xX S F;, adults which had 
survived 2-hour contact with the 0.8 or 1.6% 
concentration of dieldrin. This population is 
referred to below as “PS x PS, Selected.” Parent 
populations are designated by “P” for the 
Panama strain, “‘S’”’ for Salvador; the crosses are 
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Mortalities in adult female Anopheles albimanus after 2 hours of contact with dieldrin 
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designated by the appropriate combinations of 
these symbols, with the female preceding the 
male. Thus SP xX SP would indicate an F; 
generation produced by the F, hybrids of Salva- 
dor females and Panama males. 

For each population an attempt was made to 
repeat the test at least 4 times. With some, only 
2 or 3 replicates were possible; with others, there 
were 5 to 12. The entire testing period lasted 
approximately 3 months, and during this time, 
as the various populations were being reared 
simultaneously, there was a randomization of the 
replicates. Thus, some tests of parent strains and 
F, populations were performed towards the end, 
as well as the beginning, of the experimentation. 


EXPERIMENTAL RESULTS 


Susceptibility of parent and F, populations to 
dieldrin. The results of 2-hour exposure of adult 
males and females to dieldrin are presented in 
Tables 1 and 2 and in Figures 1 and 2. For each 
replicate the per cent of kill was corrected by the 
per cent of death in the control group, according 
to Abbott’s? formula. From the corrected mor- 
talities at each concentration, the means and 
standard errors were calculated in order to de- 


termine the amount of variation occurring be- 
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tween replicates; these are illustrated for the 
parent strains by vertical bars in Figures 1 and 2. 

Males and females of both parent and F; 
populations were essentially the same in their 
response to dieldrin. Exposure to 0.4% dieldrin 
caused over 96% mortality in the Panama strain, 
but even at the highest concentration of insecti- 
cide the mean mortality did not exceed about 
98%. Thus about 2% of the Panama colony were 
fully resistant to dieldrin. About 2 or 3% of the 
El Salvador colony were killed by even the 
lowest concentration of insecticide; but the mor- 
tality did not increase materially through the 
0.8% concentration, while it rose to about 25% 
at the 1.6% concentration. 

It is evident that the dominance of the factor 
for resistance is complete. Both F, generations 
showed less kill than did the El Salvador colony. 
Had the F, generations shown a response inter- 
mediate to that of the parents, one might suspect 
the existence of partial protection being conferred 
by one gene for resistance in the F;. It is not 
possible, therefore, to distinguish discriminating 
doses which will separate the homozygous resist- 
ant from the heterozygous individuals. 

Figures 1 and 2 show that the greatest differ- 
ence in response between the Panama and the 


TABLE 2 
Mortalities in adult male Anopheles albimanus after 2 hours of contact with dieldrin 
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El Salvador or F; mosquitoes occurred at the 
0.4 and 0.8% concentrations of dieldrin. The 
interpretation of the results obtained with the 
F, and backcross populations, therefore, is based 
upon the mortalities observed at these concen- 
trations. 

Susceptibility of F, and backcross populations 
to dieldrin. The results obtained with these popu- 
lations are presented in Tables 3 and 4. Abbott’s 
formula has been applied to compensate for non- 
specific deaths, and it will be noted in Tables 1 
and 2 that standard errors in control kills ranged 
from 1.3 to 2.5%. Only about 25 mosquitoes are 
placed in one exposure tube, and the chances of 
erratic distribution of those adults destined to 
die from nonspecific causes are much greater 
than in a large sample. It was desirable to show 
variability between tests by giving the mean and 
standard error of a series of mortalities already 
corrected by Abbott’s formula; this was done in 
Tables 1 and 2. In Tables 3 and 4, the results are 
presented as total per cent mortalities of a given 
population in all replicates at a given insecticide 
concentration, corrected by the total per cent 
kill in the controls. This average control kill 
would appear to give a more accurate estimate 
of the proportion of the mosquitoes dying from 
nonspecific causes. For consistency, the mortali- 
ties of the parent and F, generations have also 
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Fig. 1. Mortalities in Anopheles albimanus 
females of parent and F; populations following 2 
hours of exposure to indicated dosages of dieldrin. 
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Fig. 2. Mortalities in Anopheles albimanus 
males of parent and F; populations following 2 
hours of exposure to indicated dosages of dieldrin. 





been recalculated on this basis and the resulting 


figures are presented in Tables 3 and 4; from these 
mortalities have been calculated the expected 
kills in the F, and backcross tests. The difference 
in the application of the correction factor from 
the controls is the main reason for the small dis- 
crepancies between Tables 1 and 2, and 3 and 4. 

There were 3 F; and 5 backcross populations. 
In the 0.4% dieldrin tests with females, there 
was close agreement in 5 between expected and 
observed mortalities, while in the remaining 3 the 
differences varied from 4.7 to 12.2 percentage 
points. At 0.8% dieldrin, 3 of the 8 tests showed 
differences between expected and observed mor- 
talities of 5.5, 14.0, and 15.0 percentage points; 
in the other 5 the differences were not significant. 
Since the mortalities at 0.4 and 0.8% dieldrin 
were so similar, the tests at these concentrations 
may be considered as replicate series. The two 
populations which showed poor agreement at 
both concentrations were the SS x PS and PS 
x SS backcrosses. 

In the males the agreement between expected 
and observed mortalities was somewhat less 
satisfactory than in the females; however, of the 
total of 16 tests, in only 5 was there wide variance. 
Again, the SS x PS and PS x SS backcrosses 
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TABLE 3 


Mortalities in adult female Anopheles albimanus after 2 hours of contact with dieldrin 
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-25 . = .2412 
= .0 
.0090 
0065 
. 2567 
t Selected F:; reared from F; PS adults surviving 2-hour contact with 0.8 or 1.6% dieldrin. 


TABLE 4 


Mortalities in adult male Anopheles albimanus after 2 hours of contact with dieldrin 
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showed significantly greater mortality than was 
to be expected. 


DISCUSSION 


In experiments involving multiple matings and 
rearing of enough progeny for adequate insecti- 
cidal tests, the sources of error include the genetic 
variability resulting from heterogeneity even in 
parent strains, differences in nutrition of the 
larvae and other possible environmental differ- 
ences between pans, and slight differences in ages 
and vigor of adults at the time of testing. In 
spite of the disagreement between expected and 
observed mortalities in 11 of the 32 tests, our 
interpretation of the results is that they support 
the theory that inheritance of resistance to 
dieldrin in these populations is due to a single 
dominant factor for resistance and that domi- 
nance is complete. 

A. albimanus has three pairs of chromosomes, 
including one pair which appears to be an X and 
Y.3 If the gene for resistance were sex-linked, all 
of the F; P * S females would be resistant, while 
all of the males would be susceptible; in the F; 
PS x PS, half of both males and females would 
be resistant. Furthermore, the F; S x P males 
and females would be resistant, but half of the 
males in the F, SP xX SP would be susceptible. 
Since these proportions were not observed in 
these generations, it may be concluded that the 
gene for resistance is not sex-linked. 

Since the F; population showed more resistance 
than did the Salvador parent strain, we may be 
observing an increased tolerance due to hybrid 
vigor. This might be carried over into the F; 
generation, and in the breeding pans the hetero- 
zygous larvae, being superior competitors, may 
have suppressed the homozygous recessive indi- 
viduals, so that fewer of the latter appeared in 
the tests. This could be an explanation for the 
less than expected kill in some of the F, gener- 
ations. The use of only PS F; survivors for pro- 
duction of the selected F, generation had little 
effect on the results of the tests. 

We have no explanation for the consistently 
high kill in the SS X PS and PS x SS backcross 
populations. 

One reason for determining the mechanism of 
inheritance of insecticide resistance is to devise a 
test which can be applied in the field for the pur- 
pose of determining the frequencies of genes for 
resistance in wild populations. Establishment of 
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low and high discriminating dosages, as has been 
done by Davidson‘ for Anopheles gambiae and by 
Qutubuddin® for Aedes aegypti, would be very 
useful, because with them it should be possible 
to separate the homozygous recessives from the 
heterozygous individuals, and the latter from the 
homozygous dominant individuals. We did not 
find such discriminating dosages. This merits 
emphasis in that it is not in agreement with the 
two-step dieldrin resistance generally attributed 
to A. albimanus.® With the use of a test such as 
we employed it would not be possible to separate 
the heterozygous and homozygous resistant mos- 
quitoes. However, at the 0.8% dieldrin concen- 
tration, about 98% of the Panama mosquitoes 
died, whereas all or most of the F; and Salvador 
mosquitoes survived. This dosage should kill the 
homozygous recessive, susceptible portion in a 
mixed population. By use of the Hardy-Weinberg 
principle, it should be possible to estimate the 
relative abundance of the heterozygous and 
homozygous dominant individuals, and to de- 
termine the approximate frequencies of the re- 
sistant and susceptible alleles in the population 
under investigation. 


SUMMARY AND CONCLUSIONS 


Parent and hybrid populations of dieldrin re- 
sistant (El Salvador) and susceptible (Panama) 
Anopheles albimanus were tested for resistance 
by exposing 2- to 3-day-old adults to the World 
Health Organization dieldrin-impregnated test 
papers. At 0.4 and 0.8% concentrations, the 
mortalities of the above populations were about 
5 and 98%, respectively, while those of the F; 
hybrids were somewhat less than those of the 
resistant El Salvador parent strain. Mortalities 
of the F; and backcross populations in general 
agreed with those expected on the basis of mono- 
factorial inheritance. 

It is concluded that in our laboratory popu- 
lations, the ability to survive 2-hour contact 
with dieldrin on the part of 2- to 3-day-old, 
sugar-fed adult males and females is inherited as 
a simple factor, with resistance completely domi- 
nant over susceptibility. 
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GLUTEN AND TROPICAL SPRUE* 
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Since Dicke! in 1950 discovered the deleterious 
effect of wheat and other cereals in celiac pa- 
tients and later Van de Kamer, Weijers and 
Dicke? found that the gliadin fraction of gluten 
was the injurious agent, only a few investigations 
have been carried out in order to determine the 
role which gluten might play in tropical and non- 
tropical sprue. 

Anderson and collaborators’ in 1954 studied 
three patients with tropical sprue on a wheat- 
free diet. They observed that after a period of 
27 days the fat absorption in one case reverted 
to normal while in the other two cases the per- 
sistence of severe diarrhea necessitated the adop- 
tion of additional therapy. 

Asenjo et al.‘ in 1958 studied the influence of 
very low fat diets with and without gluten on 
the endogenous fecal-fat excretion of eleven 
patients with tropical sprue. Each trial lasted 
12 days. As the fat excretion throughout the two 
trials, with and without gluten, remained in the 
neighborhood of 2 grams per day, it was con- 
cluded that, under their experimental conditions, 
gluten does not seem to have any effect on the 
endogenous excretion of fecal fat by tropical 
sprue patients. 

The effect of gluten has been studied in some 
cases of nontropical sprue and idiopathic steator- 
rhea. Mclver® observed improved fat absorp- 
tion in one patient put on a gluten-free diet for a 
period of 59 days. Tests of intestinal function, 
other than fat balance, showed little change, 
although there was a remarkable remission of 
other clinical symptoms induced by the gluten- 
free diet. Anderson e¢ al.,? in the paper already 
quoted, also reported their findings in twelve 
patients with adult idiopathic steatorrhea. 
Seven showed no improvement on a gluten-free 
diet but the remaining five patients showed 
remission with a return of fat absorption to 
normal. 

Ruffin e¢ al.* reported a complete study, clini- 


* This investigation was carried out as a co- 
operative project under a research grant (A-889) 
from the National Institutes of Health, U. S. 
Public Health Service. 
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cal, biochemical and radiological, of one case, 
perhaps of tropical sprue, acquired 12 years 
before by the patient, while on a trip to South 
America. This female patient had a rapid and 
dramatic improvement in a period of about 
4 months after the institution of a ‘“wheat-free 
diet”? with no medication except calcium. The 
blood constituents and the radiologic appearance 
of the small bowel reverted to normal. The vita- 
min A and glucose tolerance curves indicated 
improvement in absorption, although they did 
not revert to normal levels. Sudan III stain in 
the stools reverted to normal. The patient gained 
43 pounds in less than 4 months. These same 
investigators stated that two additional patients 
with the ‘sprue syndrome” treated with ‘‘wheat- 
free’? diet experienced the same striking clinical 
remission described in their first case. 

Litwins’ reported three patients with non- 
tropical sprue who exhibited sensitivity to gluten. 
No fat balances were reported in this study. 
Schwartz et al.* conducted metabolic balance 
studies upon two patients before instituting a 
gluten-free diet and at various times after the 
dietary regimen was started. Fat absorption 
improved in both patients within 3 days after 
initiating the gluten-free regimen, and after 2 
to 3 months they had normal absorption. 

Buchan, Marko and Gerrard® reported that 
nine patients suffering from the malabsorption 
syndrome improved with the gluten-free diet. 
Two had immediate and dramatic response, the 
others improved slowly; eight had residual 
steatorrhea but were symptom-free. They recom- 
mended a dietary treatment over a prolonged 
period as a basis of treatment in all cases of the 
malabsorption syndrome. 

The present study was undertaken to deter- 
mine if the exclusion of gluten from a fat-contain- 
ing diet improves the fat absorption and the 
general well-being of patients with tropical sprue 
and steatorrhea. 


MATERIALS AND METHODS 


Nine individuals who met the diagnostic 
criteria for tropical sprue of Rodriguez-Molina” 
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and Rodriguez-Molina e¢ al. were included in 
the study. 

They were fed a gluten-free steatorrhea test 
diet (GF-STD) designed along the lines of the 
Mayo Clinic steatorrhea test diet.** Any of the 
three menus made up from the food items which 
composed this diet, if fully consumed, supplied 
anywhere between 90 and 120 grams of fat and 
negligible amounts of gluten. In Table 1 sample 
menus of gluten-free and gluten-containing diets 
are reported. During the periods that gluten was 
given, the gluten was mixed with the STD in an 
amount corresponding to 40 grams per day. It 
was observed that the gluten toasts were not well 
accepted by the patients, who had to be en- 
couraged to eat them. A dietitian specially as- 
signed to this study prepared and served the 
food and kept a strict surveillance over the pa- 
tients. The reader is referred to previous com- 
munications for further details.* ™ 

Dietary and stool fat determinations were 
made by the method used by Van de Kamer 
et al., as described in a previous communication 
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by the present authors.‘ Since by this method 
the percentages of total fatty acids in the diet 
and in the feces are known, as well as the weight 
of the diet ingested and feces excreted per day, 
the intake and output per day of total fat, in 
terms of fatty acids of an average molecular 
weight of 284, can be calculated. An amount of 
fat of over 6 grams in the 24-hour stool was 
considered abnormal. 

Other tests for intestinal absorption such as 
D-xylose excretion and vitamin A absorption 
were performed according to standard pro- 
cedures,!* 15 

Red cell counts and hemoglobin levels were 
determined according to methods described by 
Wintrobe-Maxwell'* and Hainline.”” 

The nine patients studied received for a 
minimum period of 8 days the STD plus gluten 
diet. This diet supplied in the neighborhood of 
30 to 40 grams of gluten daily. Collections of 
24-hour samples of diet and stools were started 
on the 3rd day and continued throughout the 
whole experimental period. Analyses for total 


TABLE 1 
Sample menus for diets used in this study (24-hour intake) 





Gluten-free STD* Grams 


STD + gluten 





Orange juice 
Bananas 
Eggs (2) 
Tannier 
Butter 
Milk, whole 


Sugar 

Beef, lean 

Potato 

Tomato juice 

Apple, sliced 

Apricots, water packed 


Peas, canned 

Prunes, dried 

Lettuce 

Peaches, water packed 
Coffee, black 





Orange juice 

Rice Krispies 

Eggs (2) 

Gluten toasts 

Butter 

Milk, whole 

Jelly 

Sugar 

Beef, lean 

Potato 

Tomato juice 

Apple, sliced 
Apricots, water packed 
Rice, cooked 

Peas, canned 

Prunes, dried 

Lettuce 

Peaches, water packed 
Coffee, black 





Approximate composition of diets 





Carbohydrates 
Protein 

Fat 

Gluten 





Carbohydrates 
Protein 

Fat 

Gluten 








* STD = steatorrhea test diet. 
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Fria. 1. Steatorrhea in tropical sprue, means of daily (24-hour stool) output, before and during gluten- 


free diet for each of nine cases. 
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Fig. 2. Fat balance prior to and during treat- 
ment of sprue with gluten-free diet in nine pa- 
tients. 


fat in diet and stools were performed daily. On 
the 9th day the gluten was discontinued and the 
patients received the GF-STD alone for periods 
that varied anywhere from 12 days to 33 days. 
Three of these patients (M. E., R. J. and R. A.) 
continued on a gluten-restricted regimen (the 
diet consumed by follow-up patients, while at 
their homes, although prepared according to the 


instructions imparted to them by our dietitian) 
when discharged from the hospital. With the 
help of the dietitian, whom they consulted 
regularly, they kept this regimen for periods of 
8 (R. J.), 9 (R. A.) and 28 months (M. E.), 
respectively. They were again thoroughly studied 
by us at the end of these prolonged periods on a 
gluten-restricted diet. 

Prior to admission, a dietary history of each 
patient was made covering the previous 5 years. 
It included food habits, methods of food prepa- 
ration and idiosyncrasies or intolerances. Each 
daily meal pattern was calculated for essential 
nutrients in order to estimate the adequacy of 
food intake. 


RESULTS 


The initial fat balance studies carried out on 
the nine patients are reported in Table 2. All the 
patients, while on the STD plus gluten ration, 
exhibited a very high fat output with an average 
of 19 + 7.3 grams per day, and a very low ap- 
parent fat absorption average of 75 + 9.8%. 

When gluten was discontinued and the patients 
remained on the GF-STD ration only, a notice- 
able improvement could be observed in all but 
one of the eight patients (M. E.). In patient 
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M. E. the values for the daily fat output and the 
apparent fat absorption remained practically the 
same before and after the removal of gluten. In 
the other eight patients, the range of the daily 
fat output was lowered to an average 12 + 2.6 
grams per day and that of the apparent fat 
absorption raised to an average 84 + 3.1%. 
None of these patients, however, attained normal 
values. 

In patients C. P., R. A., R. J. and G. J., the 
differences between the means obtained for fat 
output and apparent absorption proved to be 
probably significant at the level of 2 times the 
standard error of the difference between the 
means. 

The degree of steatorrhea before and during 
the period of gluten restriction for the nine 
patients individually and as a group is shown in 
Figures 1 and 2, respectively. 

As already stated, patients M. E., R. J., and 
R. A. remained on a gluten-restricted diet for 
considerable amounts of time after discharge 
from the hospital. 

Patient M. E., who suffered the most severe 
steatorrhea of all those in the group studied, 
also was the only one not to show any improve- 
ment during the initial gluten-restricted regimen. 
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This patient, after leaving the hospital, remained 
on a restricted gluten diet for 28 consecutive 
months. At the end of this period he was re- 
admitted to the hospital and was put again on 
the GF-STD ration for a period of 27 days. 
Daily fat balance studies were carried out. As 
can be seen in Table 3, both the daily fat output 
and the apparent fat absorption of this patient 
had reverted to normal values. 

On the other hand, patients R. J. and R. A., 
who had experienced a significant improvement 
during the initial gluten-free regimen at the 
hospital, showed very little improvement, above 
the initial one, after remaining on a gluten- 
restricted diet for a period of 8 and 9 months, 
respectively. When readmitted for study, these 
patients were put again on the GF-STD ration 
and daily fat balance determinations were per- 
formed for 36 consecutive days. The results 
obtained are reported in Table 3. 

Course in the hospital. Clinical improvement 
was observed in all patients. Usually symptoms 
such as abdominal distention and discomfort, 
and heartburn, were the first to improve. This 
was followed by improvement of diarrhea and 
condition of tongue. Stools became less frequent, 
smaller, formed and darker. In some patients 


TABLE 2 


Means of fat intake, fat output and percentage of fat absorption in nine patients before 





Patient 


| 
} 


and during gluten-free diet 





STD + gluten* 


Gluten-free STD 





Fat intake 
(grams) 





71 
71 
73 
67 


+ 


SOP RP ROROF 
++ i, 


SSP pP WTO 


| 
Fat output | 
a — 


(grams) 


18 
26 
32 
11 
12 
24 
19 
12 
14 


| 


Apparent 


(%) 


Fat intake 
(grams) 


Fat output 
ams) 


Apparent 
— 
(%) 


Days of 
restricted gluten 
regimen 





75 
63 
56 
84 
85 
71 
77 


78 
83 


76 
64 
S4 
72 
88 
94 
82 
54 
69 


12 
14 
38 

8 
12 
15 
13 

8 
12 


78 





Means + S.D. | 74 + 9. 4 | 


| 80 
| 82 

84 
| 55 
| 83 


19 + 7.3 | 75 + 9.8 





76 + 12.5 





15 + 9.0 





81 + 10.1 


Range 12 to 





33 days 





* Six days of observation for all patients except R. J., who was observed for 15 days. STD = ste- 


atorrhea test diet. 


+ The differences between the means obtained for fat output and apparent absorption proved to be 
probably significant at the level of 2 times the standard error of the difference between the means. 
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one or two daily formed depositions were observed 
as early as the 3rd week of therapy. Patients 
gained in weight (not very marked); glossitis 
improved, disappearing completely in some 
patients by the 3rd week of treatment. 

Improvement in peripheral blood values was 
observed in some patients, but not in all cases 
(Table 4). The D-xylose excretion also improved 
in the three patients on whom this test was 
performed after administration of gluten-free 
diet. No change was observed in vitamin A 
tolerance in three cases. 

Dietary history of the patients prior to admission. 
A summary of the dietary histories obtained 
from the nine tropical sprue patients included 
in this report appears in Table 5. It is evident 
that the average daily food intake of these 
patients was low in calories. Protein intake was 
below average; animal protein was supplied by 
small portions of codfish and meat, two eggs, and 
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a little over a glass of milk daily. Vegetable 
protein was derived from cereals (bread and rice), 
legumes and starchy vegetables. The diet was 
also below average in calcium, riboflavin and 
vitamin A. The values for ascorbic acid and 
thiamin were within normal limits; niacin was 
low. Fat intake was below average. It consisted 
of small portions of margarine, olive oil and lard. 
All the food was prepared in a simple manner; 
boiling and stewing with small amounts of lard 
were the only cooking methods reported. The 
patients had three meals a day, with a bedtime 
snack, consisting of a cup of coffee with milk. 
Food idiosyncrasies or intolerances varied, 
but it was noticed that the prevailing ones were 
those to legumes, such as navy beans and chick 
peas, pork and derivatives, fat when in excess, 
seafood (other than codfish), and bread and 
other wheat flour products. Although most of 
the patients seemed to have a marked intolerance 


TABLE 3 


Daily fat intake, fat output and apparent absorption before and after the patients were placed in a followup 
study after discharge from the hospital maintaining a gluten-restricted diet 





Before starting long regimen on a 


gluten-restricted diet 


After long regimen on a gluten-restricted diet 





Patient | } 
| Fat intake | 
(grams/24 
| hours) 


Fat output 
(grams/24 
hours) 


Apparent Fat intake 
a 
0) 


| 
Fat output Apparent 
(grams/24 | absorption 


Length of time 
gluten-restricted 
diet was given 
(months) 


| (grams/24 
| hours) hours) (%) 


| 
| 
| 





84 


13 
15 


8 | 
| 


54 
S4 
84 








28 
8 
9 








TABLE 4 
Red blood cells, hemoglobin, D-zylose excretion and vitamin A tolerance prior to and after gluten-free diet 





Before gluten-free diet 


After gluten-free diet 





Patient RBC Xylose 


| (million tolerance 


(grams in 
| Per mm*)/'s hours) 


} 
Hemo- | 
globin 
(grams) 





Vitamin A 
tolerance (ug%), 
| fasting, 5 hr, 7 hr 


} 
Hemo- | RBU 
globin (million 
(grams) |per mm’) 


Xylose 

jtolerance 
(grams in 
| 5 hours) 


Vitamin A tolerance 
(ug%) fasting, 


5 hr, 7 hr 





| 
| 
3 | 
‘0 | 


noc = 


paola nawe 


yrs 








12.6 2.4 
11.0 . 2.5 
3.8 





ier ag 


| 


68, 90, 97 
54, 61, 114 
107, 97, 120 


64, 81, 120 


10.7 
11.4 
11.0 





40, 42, 47 
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for bread, this item was not excluded altogether 
from their family diet. 


DISCUSSION 


The removal of gluten from the diet of the 
nine tropical sprue patients resulted in a gradual 
improvement of the clinical symptoms of the 
disease in a period of about 2 to 4 weeks.* In 
this same period of time seven patients showed 
improvement in their fat absorption, although 
none attained normal values (Table 1). One of 
the patients not showing improvement main- 
. tained a gluten-restricted diet for a period of 
two and a half years. By the end of this period 
his general condition had improved markedly 
and the fat absorption had reverted to normal 
(Table 3). 

Although these observations lend some support 
to the hypothesis that gluten plays a role in 
tropical sprue, further work will be necessary 
before a definite statement can be made on this 
matter. 

It has been demonstrated by our group‘ that 
in tropical sprue gluten does not act as in celiac 
disease, as no steatorrhea of endogenous origin 
was observed when this was fed together with a 
fat-free diet for a period of 12 days. This observa- 
tion, however, does not exclude the possibility 
that gluten might interfere in some way as yet 
unknown with the normal mechanisms of fat 
absorption, particularly in individuals condi- 
tioned by other concurrent factors to a mal- 
absorption syndrome. 


SUMMARY 


Fat balance studies were performed on nine 
tropical sprue patients before and after the 
administration of a gluten-free diet. Additional 
studies were performed in three of these patients 
who were kept for a prolonged period of time on 
a gluten-restricted diet. Other tests for intestinal 
absorption such as D-xylose excretion and 
vitamin A absorption were carried out prior to 
and after treatment in some cases. A dietary 
history of each patient was made prior to study. 


* Although the hospital diet probably sunteined 
more folic acid than did the diets consumed by 
the patients prior to admission, one cannot ascribe 
the improvement observed to an increased intake 
of folic acid. We base this assertion on the fact 
that little if any improvement in fat absorption 
was observed by us"* in sprue patients on similar 
diets but containing gluten or on diets supple- 
mented with 15 mg of folic acid per day. 
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Steatorrhea was significantly reduced in four 
out of nine patients kept on a gluten-free diet for 
periods of 12 to 33 days. One patient who did 
not respond to the initial gluten-free regimen 
showed significant improvement after a pro- 
longed period on a gluten-restricted diet. 
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This is an entirely new book and is long overdue 
since the publication of the previous edition of 
Sir Leonard Rogers was in 1929. A great deal of 
progress in the treatment and control of parasitic 
and tropical diseases has occurred particularly 
during and since the second World War. The 
important infectious diseases caused by protozoa, 
helminths, bacteria, spirochetes, viruses, rickett- 
siae and fungi are covered and, in addition, 
there are sections reviewing nutritional diseases 
and anemia, hereditary disorders and diseases of 
uncertain origin, 7.e., sprue. 

The subjects are considered separately following 
a pattern of discussion, covering cause, epidemi- 
ology, pathology, clinical features, diagnosis and 
treatment. The authors are expert in their fields. 
The volume is clearly written and it should be a 
useful guide to students of tropical medicine and 
practitioners. The comprehensive bibliography 
should be especially useful to investigators. It is 
hoped that this volume will be followed in the 
near future by others so that the vast and complex 
areas in tropical medicine can be reviewed at 
frequent intervals. 

Harry Most 

New York University ScHoo. 
oF MEDICINE 
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University School of Hygiene and Public 
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822 + xii pages, illustrated. New York and 
London, John Wiley & Sons, Inc., 1961. $9.75. 
Chandler was fond of alleging that he wrote a 

new book as a means of learning thoroughly a 

subject about which he knew little. Thus the first 

edition of this book, which was aimed at the 
general public, led him into the field of para- 
sitology. Finding that it was more widely used 
as a textbook, he modified the second edition for 
that purpose. Successive editions have become 
increasingly technical without losing the superior 
readability and charm. Read is commendably 
carrying on this tradition. As usual the new 
edition is up-to-date. The necessary deletions to 
make way for new material have in general been 
wisely chosen. The increase in size amounts to 
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only a score of pages. A new type face, which 
appears to take more space but actually does not, 
is a considerable improvement, especially in the 
fine print such as the keys. 

Except for occasional paragraphs and sections 
which have had major revision obviously reflecting 
Read’s viewpoint, many would find it hard to tell 
which author wrote some of the additions. In 
fact, a reader familiar with previous editions 
might notice little change except for additions 
dealing with recent findings. A page by page 
comparison, however, shows frequent small 
changes, revision of some involved sentences, 
additions to paragraphs, revision of others, 
occasional substitution of new paragraphs, and a 
few entirely new sections. One of the major 
changes is the substitution for a chapter on 
spirochetes of a shorter section under “‘Arthropod- 
borne Organisms Other Than Protozoa.’’ Arthro- 
pods get scanty attention with respect to spiro- 
chetes, and some organisms not so transmitted 
are still included. For the most part other major 
changes seem dictated by the need to bring in 
new knowledge now available or to place more 
emphasis on modern aspects of immunity. On the 
other hand there are long passages still unchanged, 
dealing for the most part with descriptive 
material. A few parts could still be profitably 
revised. For example, the paragraph on page 438 
reviewing accomplishments of The Rockefeller 
Foundation in connection with hookworm disease 
is still pertinent, but it reflects the status of 30 
years ago and could well be given a new slant. 

About 300 new references have been added and 
about one-fifth as many dropped. Some of the 
latter were replaced by more recent ones, some 
referred to material deleted, and others are 
obviously covered by the general footnote ‘See 
also references. . ..’? Some authors are mentioned 
in the text by date without corresponding ref- 
erences in the list. Some new references included 
in the list, but not in the text, deserve mention 
there. A few names are misspelled. Obviously 
more thorough checking is indicated for the next 
edition, but these lapses represent a very small 
part of the whole. No errors were detected in the 
text. The table of contents is much simplified by 
omission of subdivisions, a definite improvement 
in view of the revision of the excellent index. All 
of the old illustrations seem tc be included as 
well as a number of new photographs. 

This edition will serve well the purposes which 
the previous ones served. The hand of the old 
master is still evident, but his pupil has learned 
well, and will carry the same high standard into 
a more modern period. There is no reason to 
expect this book to become obsolete by reason 
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either of changed authorship or the changed 
viewpoint of a new generation. 
J. Auten Scorr 
University or Texas Mepicat Brancu 
GALVESTON, TEXAS 


Cholera. Its Pathology and Pathogenesis, by 
S. N. De, M.B., D.T.M. (Calcutta), Ph.D. 
(London), Professor of Pathology, Medical 
College, Calcutta, Bacteriologist to the Govern- 
ment of West Bengal. 141 + xii pages, 
illustrated. Edinburgh and London, Oliver and 
Boyd, 1961. 25s. 

This is a very well written text divided into 
eight chapters dealing with a definition of cholera; 
its origin; its behavior in the city of Calcutta; 
the pathology of the disease; experimental obser- 
vations; the possible role of a cholera toxin; the 
mechanism of infection; and the relation of patho- 
genesis to the outpouring of fluid, the clinical 
course, and treatment. The author has had a 
wealth of experience with this disease and has 
made a number of important contributions, some 
of which are discussed in the text. The author was 
at a distinct disadvantage in not having available 
at the time his manuscript was written the im- 
portant recent publications dealing with the 
physiology, pathology and treatment of cholera 
resulting from studies during the 1958-59 epi- 
demic in Bangkok, Thailand. 

The description of the clinical disease is lucid 
and particularly valuable. The excellent illustra- 
tions which accompany the clinical description 
effectively impart the dramatic nature of the 
disease. Of particular interest and importance is 
the concept of possible differences in clinical 
states related to variations in the etiological 
organism. Such a concept is in accord with the 
recent introduction of the term “vibrioses’’ by 
Dr. K. Goodner at the SEATO Cholera Sym- 
posium in Dacca, East Pakistan. 

The chapter devoted to the origin of cholera 
questions the Asiatic origin of the disease. In 
this respect one must agree with the author that 
the rather puzzling appearance of cholera during 
World War II in the German Army on the Russian 
front seems in favor of this view. However, con- 
trary to what one would expect if the disease 
arose from local recrudescence, the fact remains 
that the disease did not occur among the civilian 
population, either for years before or for years 
after the outbreak in the German troops. 

The account of cholera in Calcutta deals with 
the possible role of climatic factors in the oc- 
currence of epidemics. Several outbreaks are 
recorded which indicate that cholera cases in- 
crease as the summer temperature and relative 
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humidity rise but that, with the start of the 
monsoons and the resultant drop in temperature, 
cholera declines in spite of a further rise of relative 
humidity. It is suggested that tropical heat may 
render people more susceptible to cholera because 
of increased fatigue and exhaustion and the 
impairment of suprarenal cortical function. 

It is somewhat of a paradox that a book with 
the title of pathology and pathogenesis should be 
weakest in these areas. This however is no fault 
of the author who is a distinguished scientist and 
pathologist, but rather is due to the fact that 
there have been so many important recent de- 
velopments since the book was edited about which 
the author could have no knowledge. The concept 
of epithelial desquamation as an intravital phe- 
nomenon, a repetitive theme throughout the 
book, has since been disproven (see this journal, 
9: 125, 1960). The lesion described in the kidney 
of ‘‘widespread fatty changes in the epithelium 
of the cortical tubules” in patients with post- 
choleraic uremia very likely represents the 
changes of hypokalemic nephropathy. It is difficult 
to explain why the author made only a casual 
reference to the typical changes of acute tubular 
necrosis so frequently observed in patients who 
succumbed to postcholeraic uremia during the 
recent outbreak in Bangkok (see Ann. Int. Med. 
52: 960, 1960). 

The discussion of the physiological alterations 
in cholera places too much emphasis on the 
possible toxemia which allegedly results from 
absorbed toxin from the proliferating organism 
in the gut and not nearly enough emphasis on the 
more plausible explanation of collapse due to loss 
of fluids and body electrolytes (see J. Clin. Invest., 
38: 1879, 1959 and Ann. Trop. Med. & Parasitol., 
54: 106, 1960). Some of the suggestions regarding 
treatment are no longer acceptable. According 
to recent views the universal use of hypertonic 
saline in isotonic dehydration is difficult to justify. 
Chemotherapeutic drugs, instead of altering the 
clinical course of cholera gravis, may be dangerous 
and their use may actually increase the carrier 
rate (see Am. J. Hyg., 72: 250, 1960). Vasopressor 
drugs are extremely dangerous in individuals 
with severe dehydration and their use should be 
condemned although the author’s suggestion for 
the administration of cortisone, though unproven, 
may be justified. The most serious shortcoming 
of this book is not only the failure to emphasize 
the real therapeutic need in cholera, 7.., fluids, 
but the author’s actual deemphasis of this critical 
need as indicated in his statement, ‘“‘Attempting 
to treat such cases with repeated injections of 
saline is comparable to filling a tank with a leaking 
bottom.”’ This may explain the continued high 
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mortality which in the light of our current knowl- 
edge should be negligible (see J. M. A. Thailand, 
42: 413, 1959; this journal, 9: 620, 1960; and Lancet, 
2: 999, 1960). Because of the recent improvement 
in the treatment of cholera and the marked change 
in prognosis, it appears to be unnecessary to 
continue the search, suggested by the author, for 
an antitoxic serum. 

It is the unfortunate lot of the reviewers that, 
having to judge in the light of the recent knowl- 
edge at their disposal compilations completed 
before this information had become available to 
the author, they have to dwell upon the short- 
comings rather than the merits of the werk they 
assess. In the present case one shouid emphasize, 
therefore, that—though perhaps rather be- 
wildering and even misleading for the general 
reader—De’s book contains much that is of great 
interest and value for those familiar with the 
intricate problems of cholera. 

E. J. GANGAROSA 

UNIVERSITY OF MARYLAND 
Mepicat ScHOOL 

BALTIMORE, MARYLAND 

R. Po.iitzER 

1426 M StTrREet 

Wasuineton, D. C. 


Pharmacology. The Nature, Action and Use of 


Drugs, by Harry Beckman, M.D., Chairman, 


Departments of Pharmacology, Marquette 

University Schools of Medicine and Dentistry, 

Consulting Physician, Milwaukee County 

General Hospital and Columbia Hospital, 

Editor, Year Book of Drug Therapy. 2nd 

edition, 805 + xviii pages, illustrated. Phila- 

delphia and London, W. B. Saunders Company, 

1961. $15.50. 

In the second edition of his book, as in the 
first, Harry Beckman presents a delightfully 
personal view of pharmacology. This is not meant 
to imply that the book is not based on wide knowl- 
edge and critical evaluation of pertinent liter- 
ature. It means rather that Dr. Beckman’s words 
convey his notions as well as his knowledge. In 
these days of ‘multi-author’ texts a personal 
view of anything is welcome. It is a pleasant 
experience for the reader to see phrases which 
have obviously not been filtered through the 
mind of someone who did not write them. When 
many of the phrases are felicitous, as they are in 
this work, the pleasure is even greater. If one is 
looking for an enjoyable visit into the mind of a 
practicing pharmacologist as well as into the 
recent advances in the field, Beckman’s book is an 
excellent ticket for the voyage. 

There have been a few changes in the order of 
sections, but the organization of the first edition 


793 


has remained largely intact in the second. The 
presentation is different from that in other texts 
of similar size. Instead of arranging the informa- 
tion by drugs, Beckman presents information 
grouped by clinical effects. For example, other 
texts are likely to have a chapter on anti- 
muscarinic agents, and in it present the manifold 
effects of the belladonna alkaloids. Beckman 
presents the reader with belladonna alkaloids in 
several places—in his discussion of drugs used in 
Parkinsonism, of drugs used in motion sickness, 
of drugs affecting the eye, and of drugs which are 
cholinergic blocking agents. Barbiturates appear 
as drugs which quiet and put to sleep, as anti- 
convulsants, and as anesthetics. This sort of 
compartmentalization makes for some very short 
chapters indeed—the one entitled ‘Drugs that 
Stimulate or Depress Smooth Muscle’’ takes up 
less space than its title, since the reader is referred 
to other sections of the book which deal with 
blood vessels, the gall bladder, the uterus, etc. 
For some readers, this arrangement will be emi- 
nently suitable; others will prefer the traditional 
grouping by drug classes. 

A question which a reviewer must ask is, ‘‘For 
whom is this book intended, and whom will it 
serve best?’’ According to the Preface, this text 
was written for the undergraduate medical 
student. I suspect it will be better used as a 
reference work for those in the practice of medi- 
cine. Although the second edition has a very short 
(under 2 pages) introduction to the autonomic 
nervous system, which the first did not, the book 
still presupposes more retention of physiology 
and biochemistry than do other pharmacology 
texts of comparable size. Its orientation seems to 
me to be more clinical than that of other texts, 
which again would recommend it to the physician 
rather than to the student. It is exhaustive in its 
discussion of various kinds of drugs; for instance, 
there are eighteen opioids discussed, which is 
more than a medical student can learn about, and 
more than are required to give a student insight 
into the advantages and problems inherent in 
this kind of agent. The other large texts suffer 
from the same defect from the point of view of 
the novitiate, which is an advantage from the 
point of view of the forgetful initiate. 

These attributes of Beckman’s book will not 
keep it from being a good text for medical students 
who know how to study and who can separate 
their present needs from their future ones. Any 
text suffers from the fact that it represents a 
congealing of ideas at some point in time, usually 
when the field covered is advancing rapidly. This 
particular text points up unsolved problems, 
presents different sides of controversial ideas, and 
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gives recent references. Teachers of pharmacology 
need not hesitate to recommend it. 
Jutius Kaan, Jr. 
University oF CINCINNATI COLLEGE 
or MEDICINE 
CINCINNATI, OHIO 


Protein and Amino Acid Requirements in Early 
Life, by L. Emmert Hott, Jr., M.D., Depart- 
ment of Pediatrics, New York University, 
Pau. Gyérer, M.D., Department of Pediatrics, 
University of Pennsylvania, Epwarp L. Pratt, 
M.D., Department of Pediatrics, University of 
Texas, Setma E. Snyperman, M.D., Depart- 
ment of Pediatrics, New York University, and 
Wituram M. Watuace, M.D., Department of 
Pediatrics, Western Reserve University. 63 + 
vii pages, paper covers. New York University 
Press, 1960. $1.00. 

This monograph, contributed to by five rec- 
ognized experts in the field of infant nutrition, is 
a significant contribution in a field where con- 
siderable confusion has existed in the past. The 
material is presented in a lucid and readable 
manner and covers the subjects of protein intake 
and body composition, evaluation of protein 
requirement and protein quality, amino acid 
requirements and amino acid balance, and an 
important section on desirable protein and amino 


acid intakes. An excellent and extensive bibliog- 
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raphy is appended. This volume should be in the 
library of every pediatrician and nutritionist. It 
is a superb reference source in a field of great 
importance in world nutrition today. 

WALTER UNGLAUB 

TuLaNE University ScHoou 

or MEDICINE 
New Or.eans, LovuIsIANA 


The Nutrition Research Laboratories, Hyderabad 
(Deccan) Annual Report for 1958-59. 58 + iii 
pages, paper covers. Hyderabad (Deccan), 
Indian Council of Medical Research, 1959. 
This publication, far from being a dry and 

statistical operational report, presents in con- 

siderable detail the results of the nutritional 
research performed in the Nutrition Research 

Laboratories over a year’s time. Included are 

laboratory studies of protein, iron and vitamin 

nutrition, nutrition in pregnancy and lactation, 
the pathology of nutritional disease, and various 
studies conducted in the field. The scope and 
variety of the work reported here reflect an active 
and balanced program of nutritional research in 
this important area of the world. 

Water UNGLAUB 

TuLaNE UNIversity ScHoo.i 

or MEDICINE 
New Or.Eans, LOUISIANA 














NOTICE TO CONTRIBUTORS 


The Journal welcomes papers which contribute to the purpose of the American Society 
of Tropical Medicine ove ygiene—the advancement of knowledge of tropical and sub- 
tropical medicine and hygiene through investigation, prevention, treatment and control 
of diseases and deficiencies. It draws upon medicine, biology, public health, nursing, 
engineering and allied fields of research and application. 


The American Journal of Tropical Medicine and Hygiene combiues the American 
Journal of Tropical Medicine and the Journal of the National Malaria Society and there- 
fore has a special concern with the investigation, therapy and control of malaria in all 


pears of the world, as well as a broad interest in general parasitology and arthropod- 
orne diseases. 


Papers are ordinarily published in the order of reception, which entails a certain delay 
in their appearance because of the contractual limitation on the number of journal p 
available for each volume. Accepted articles which raise no question of scientific priorit 
but for which immediate publication seems important will be inserted in the next avail- 
able issue of the Journal if the author or sponsoring institution will pay the cost, estimate 
of which may be obtained from the Editor. The insertion of such articles does not affect 
publication of other manuscripts awaiting their turn, since the inserted articles consti- 
tute additional pages in the volume without additional cost to the subscriber. 


Publication will be facilitated if the following suggestions are followed: 


1. Manuscripts should be typewritten in English on one side only of the paper and 
submitted in duplicate. Double spacing should be used throughout the manuscript 
including the list of references, footnotes, and quotations. 


2. The author should supply, typed on separate sheets, (a) a short title not over 
50 letters for use as a running head; (b) the full title; (c) the authors’ names and 
affiliations; (d) tabular matter; (e) footnotes; (f) references; (g) legends for illustra- 
tions; and (h) displayed formulas occupying more than 1 line of type. 


3. Tables should be typed on separate sheets and be serially numbered in Arabic 
numerals. 


4. Illustrations should be protected with cardboard to avoid creasing in the mails; 
illustrations larger than 8}¢ x 11 inches should be accompanied by smaller photo- 
an Only glossy prints can be used. Line drawings and graphs should be made 
with India ink and submitted on white or blue tracing paper; they should be legible 
after reduction to one column. Colored illustrations can be reproduced only at the 
expense of the author. 


5. Legends should be separate and not attached to, or written on, the illustration 
copy. 


6. Positions for tables and figures in the text may be indicated on the margin of 
the text pages. 


7. All papers should end with a brief summary. 


8. References should be cited by consecutive numbers in the text, and so num- 
bered and listed in the list of references at the end of the article, without regard to 
alphabetical arrangement. References should be written as follows: 


1. Reep, L. J., anp Mugncna, H., 1938. A simple method of estimating 
fifty per cent endpoints. Am. J. Hyg., 27: 493-497. 


9. Proprietary names of drugs or chemicals registered by commercial pharma- 
ceutical firms may not be used in the text if there is a generic name available in the 
U. 8. Pharmacopoeia, New and Nonofficial Remedies of the A. M. A., or standard 
medical dictionaries. In certain cases where the generic name is relatively unknown, 
the registered name may follow it in parentheses in the title, at the first citation in 
the text, and in the summary. 


10. The address to which proofs are to be sent should be indicated at the to 
of the first page of the manuscript. Delay will result if proofs must be forwarded. 


Costs of reprints. When the cost of reprints must be known in advance of publica- 


tion in order te secure prior approval for their purchase, the Editor will be glad to 
furnish an estimate. 

















for the prothrombin 
determinations you prefer, 
you can always depend on 


DIFCO REAGENTS 


1-STAGE TECHNIQUE 
of QUICK and LINK-SHAPIRO 


BACTO-THROMBOPLASTIN, used according to the 
method of Quick, has demonstrated its accuracy and 
reliability for more than 20 years. Each box of six 
ampules is sufficient for 210 Quick determinations or 
420 Link-Shapiro determinations. 


BACTO-THROMBOPLASTIN is a stabilized, desic- 
cated rabbit brain substance of high thromboplastin 
potency. It is used in all prothrombin time procedures 
with whole or diluted plasma. It is stable in either dry 
form or frozen extract. 


2-STAGE CONCENTRATION TECHNIQUE 
of WARE and SEEGERS 


BACTO-PROTHROMBIN 2-STAGE REAGENT is 
a standardized, stabilized reaction mixture for use in 
the Ware and Seegers procedure for quantitative deter- 
mination of prothrombin concentration. Bacto-AC 
Globulin Serum is prepared for use in this procedure. 


Descriptive literature gladly sent upon request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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